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PART III
EXPERIMENTAL MEASUREMENTS

3.1. Introduction

A systematic study of the horizontal-wire antenna over a dissipative
half-space and of the special case of the modified Beverage antenna is pre-
sented. The study, which is mainly experimental in nature, is concerned
with the electrical characteristics of these antennas and how they are af-
fected by the height of the antenna and the electrical properties of the
medium over which the wire is placed. Essentially, this involves measuring
the distributions of surface current and charge on these antennas and ob-

serving the corresponding effects due to changes in the several parameters.

Theoretically, once the current distribution is known, all the electri-
cal properties of the antenna can be evaluated in a straightforward manner,
Due to the complexities of the feeding system, in most current measurements
only relative distributions are obtained. To normalize these distributions
properly, the characteristics of the feeding system must be determined. For
the conventional coaxial-line feed the normalization problem resolves itself
into determining the antenna input impedance. Since the input impedance is
necessary for an overall understanding of the current distribution, impedance

measurements were included in the study.

Another important quantity, the distribution of charge per unit length,
can be obtained from the current distribution through the use of the contin-
uity equation. The charge distribution is often used to study the near-zone ]
electric field of the antenna and to obtain a better understanding of the
overall electromagnetic interaction of the wire especially near the end and
at the driving point. Since the use of the continuity equation involves
differentiation of the current, small errors in the measured current can
cause large inaccuracies in the calculated charge distribution. To avoid

this problem, it was decided to include measurements of the surface charge

distribution in the analysis.

In presenting the data, comparisons are made whenever possible between
the measured quantities and the associated analytic expressions developed in
Part I (Volume I). In fact, one of the major purposes of the experimental

analysis is to verify the theoretical work of King [1] and the feasibility

win
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of the modified Beverage aﬁtenna. The limitations on King's zeroth-order
theory and its ranges of applicability are discussed. For certain types of
dissipative media the expression for the theoretical wave number given by
equation (1.7) can be shown to be in error. This is due primarily to the
fact that the basic restrictions given in (1.3a) are violated for these
media. Empirical evidence shows that, although the wave numbers are in
error, the zeroth-order form for the current and charge distributions are

still maintained.

In all cases the measurements are compared either to completely theore-
tical expressions that are based on the developments in Part I and use (1.7),
or to a semi-empirical theory which utilizes the zeroth-order forms for the
current, charge and admittance and the measured effective wave numbers. The
effective wave number is defined as the wave number observed on the unloaded
dipole antenna; corrections for end effects are neglected. If the antenna
end effect is small, the effective wave number and the wave number given by
(1.7) are identical. For significant end effects the measured wave number
will include a contribution due to the end effect. This contribution will
primarily affect the observed attenuation on the antenna. Since the end ef-
fect is actually a lumped correction occurring at the end of the antenna and
the attenuation a is a distributed parameter, the use of a measureq effec-
tive attenuation is clearly only an approximation. For low attenuation and
large end corrections this approximation becomes increasingly worse. This
approach was taken initially by necessity since the end effects were not
well understood and could not be eliminated. It was also believed that the

effects would be small.

A second semi-empirical theory was developed subsequently which ac-
counts for both the capacitive end effect and the radiation loss through a
complex terminal function es composed of a terminal attenuation function e
and a terminal phase function Os. This approach 1is described in Section 1.8
of Volume I. The experimentally determined quantities Pg and o correspond,
respectively, to the increased magnitude and the shift in ap, that are ob- 1
served to occur in both the measured data and the theoretical values (based
on an effective wave number) compared here in Part III. The slight varia-
tions that remain are due to junction effects which were not included in the
analysis. Comparisons between this theory and the measured data are in Figs.

1.23 through 1.33 (Volume I).
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3.2. Measuring Procedure

The three types of media over which the antennas were placed were fresh
water, salt water, and moist earth. They were chosen because they represent
the three most common media over which these types of antennas can be used
and exhibit a wide range of relative dielectric constants and loss tangents
at the operating frequency of 300 MHz. The electrical properties of the
three media were measured with the techniques discussed in Part II and were
remeasured periodically to ensure uniformity throughout the experiments. In
the remaining discussions the terms fresh water, salt water, and moist earth

will refer to media with the following electrical properties:

P, at

Average
Hadta €r ¢ (mhos/m) 300 MHz Temperature °C
Fresh Water 82 .092 .067 17.5
Salt Water 81 3.9 2,885 21.5
Moist Earth 11.4 .0022 .012 NS

The current and charge distributions on monopole antennas over each of
these media were measured for heights of d/AO = ,01, .02, .05, .1 and .25.
At each height three monopole lengths were investigated, namely, h/)‘0 = .5,
1.0, and 1.5. For the Beverage antenna the same combination of antenna
spacings and lengths was used by simply connecting the resistive load and
the quarter-wave section to the end of the monopole. Hence the overall
lengths of the Beverage antennas were 8 = .SAO + AL/A, AO + AL/A, and 1.5A0
+ AL/A where for most cases of interest A, ¢ Ao

To ensure that the height of the antennas would remain as uniform as
possible for all cases, polyfoam floats were fabricated precisely on a mill~
ing machine and were placed under the wire for support. The book value for
the relative dlelectric constant of the polyfoam was £, % 1.04, The pres-
ence of the floats under the wire produced no noticeable effects on the
measured currents or input impedances. Since it was still possible that the
weight of the antenna could partially submerge the floats, a pulley system
was designed to balance the weight of the wire. Nylon string was looped




around the wire at three or four positions along its length, passed through
a set of pulleys located about 6 ft. above the tank, and then passed through
another set of pulleys and counterweipghted appropriately at the end. With
this arrangement it was possible to place the wire over the floats so that

it would just touch the polyfoam but would not exert any weight on it.

The current and charge distributions were measured by moving the loop
and monopole probes along the slot cut in the antenna. Connecting the B
channel of the vector voltmeter to the probe output and the A channel to a
phase reference permits continuous monitoring of the current or charge. For
the Beverage antenna it was possible to probe current and charge only up to

the resistive load. With the placement of the solid resistor into the line

it was impossible to move the probes beyond this point to measure the cur-
rent and charge on the quarter-wave section. Altshuler [2] has shown that
for a similar situation the measured currents on the quarter-wave section
are found to be approximately sinusoidal, as would be expected for a reson-
ant element. Thus, by knowing the current or charge distribution up to the
resistive load, the distributions on the quarter-wave section can be pre-
dicted quite easily. In presenting the data, the theoretical current and
charge distributions on the quarter-wave section are included to show the

behavior of this current and charge.

The only other limitations in the current and charge measurements were
mechanical in nature. Restrictions due to the construction of the line made
it impossible to make measurements directly to the end of the antenna or to
the junction at the driving point, The charge probe was allowed to come
within 1.3 cm of the end of the line while the current probe could get no
closer than 1.9 ecm. For measurements near the driving point the current
probe could come to within .3 cm of the junction and the charge probe could

travel to within .9 cm.

The arrangement of the measuring equipment was shown previously in Fig,
2,2(b)., The block diagram for the experiment is presented in Fig. 3.1, All
equipment was connected through a 25 Watt voltage regulator which isolates
the apparatus from any spurious responses or drift in the line voltage. The
300 MHz source consisted of a Hewlett-Packard 3200 B VHF oscillator and an
accompanying Hewlett-Packard 230B power amplifier. The oscillator exhibited

remarkable stability after a warm~up period of one hour. Frequent checks




=5
VOLTAGE
REGULATOR
60 K2
300 MHz VECTOR
OSCILLATOR l VOLTMETER
A B
POWER
ANPLIFIER
POWER DIVIDE FRECUENCY
AND ATTENUATOR COUNTER

3 B

A
l IMPEDENCE l

BLOCK ASSEMSBLY |

8
1.0 prose | 2OMAL IR ] 4
ASSEMBLY  |—————f SWITCH
: Q0 SIGNAL :
,
1 GROUND

0 0 0 0 Y Y /JJ//LéL/ VA S

Sy PLANE

FIG. 3.1. BLOCK DIAGLAM FOR CURRENT, CHARGE AND ADMITTANCE
MEASUREMENTS.




were made to detect any power drift in the oscillator and the frequency
stability was monitored constantly through the use of a frequency counter,
No problem with harmonic generation was encountered throughout the experi-
ment. The current and charge could be measured simultaneously at each posi-
tion by using a coaxial switch, This eliminated the more time-~consuming
process of making one complete set of current measurements and then starting
again to measure the charge. At the end of each complete current and charge
measurement the input-power level was rechecked by measuring the response of
the current probe when placed as near to the driving point as possible,

This was to ensure that the power level had not changed during the course of
the measurements. If a significant power change was recorded, the measure-

ment was repeated.

To be as accurate as possible in making the impedance measurements, the
calibration procedure for the impedance block was performed before and after
each set of measurements. With the measuring line more than 12 ft. in
length, it was a very delicate procedure to connect the line to the ground
plane. Even with the line attached to the pulley system, slight variations
back and forth or up and down could generate a large amount of torque at the
flanged end of the line. Through the use of a level, the line was balanced
as accurately as possible before being inserted through the hole in the
ground plane, Clamps were then used to hold the line firmly in place and to
prevent any sway. Due to the fact that differing amounts of tension were
applied to the line while being held by the clamps, variations in the cali-
bration constants of the impedance block were noticed. This was determined
to be due to the slight movement off center of the inner conductor of the
feed line when the outer conductor was flexed slightly. The impedance
probes were found to be very sensitive to this movement and, thus, to alle~
viate this problem triangular rexolite spacers were inserted into the feed
line with care being taken not to include any in the section between the
driving point and the plane of the impedance probes. Accuracy was further
ensured by rechecking the calibration every time the position of the line

was moved.

Impedance measurements were initiated with the longest antenna length
and were continued on progressively shorter lengths by withdrawing the an-
tenna into the feed line. With the placement of the polyfoam floats needed

for each complete set of impedance measurements, it was much easier to
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position the floats first and draw in the antenna than it was to increase
the antenna length and periodically add more support floats. Since it was
still necessary to support the wire with nylon string, the height of the an-
tenna had to be checked each time the length of the antenna was decreased

to ensure that excessive tension from the string had not bent the antenna
upward from its level position. Over a period of time contact problems de-
veloped due to the constant wear from sliding the angenna in and out at the
driving point. When the antenna does not make proper contact at the driving
point, meter readings become unsteady and erroneous measurements result., To
overcome this problem, a thin layer of silver conducting paint was applied
to the antenna to provide a tight electrical contact at the driving point,
The antenna was repainted before each set of impedance measurements to guar-

antee good contact along sections where the paint may have worn off.

3.3. Presentation of Measured Data for a Dipole Antenna Above a Dissipative

Half-Space

The measurements for a dipole antenna placed above a variety of dissi-
pative media are presented in this section. The section will be divided
into three parts for the three different media treated (fresh water, salt
water, and moist earth). The current and charge data are presented in order
of increasing d/)\0 spacings. For each spacing measurements are presented

for antenna lengths of l.SAO, A and .SAO. All measurements are compared

either to King's theory [1] wheg valid or to a semi-empirical theory based
on the measured effective wave number. Data points were measured every 2.5
cm and numbered 61, 41 and 21, respectively, for antenna lengths of 1.5A0,
AO and .SAO. This number of data points for each length was shown to pro-
vide sufficient resolution to represent the actual current and charge dis-

tributions accurately. .

The measured data were normalized to the accompanying theoretical curve
at z/h = .2 or to a smooth part of the curve in the immediate vicinity of
this point. Normalization to the driving point at z = 0 by means of the
measured input admittance was not attempted owing to the problems involved
with the junction effects [3]. In some cases end effects did not permit
normalization at z/h = ,2, In these situations the data were normalized by
aligning the peaks of the magnitude curve. Further discussion on this and

the end-effect problem is given in Fection 3.5.




The admittance data are presented in both the rectangular-plot form
with BLh as the independent variable and in the circular-diagram form. For
each respective medium the admittances are presented in order of increasing
d/)\0 spacing. All admittance measurements are made for monopole lengths
ranging from .013)\0 to 1.5A0 (1.3 cm to 150 cm) and were recorded at inter-
vals of 2.5 cm. An interval of this size was small enough to provide an ac-
curate representation of the input admittance. The admittance -~urves dis-
play the apparent input admittance uncorrected for junction effects. FKing
has shown [4] that when a monopole is driven by a coaxial line through a
ground plane, a negative terminal-zone capacitance with admittance Y

T= jwC

must be added to the measured apparent admittance, Yin’ to give the actual

T

admittance of the isolated monopole, Y Hence,

monopole’

Yin = Ymonopole i JmcT (3.1)

where CT is determined from curves in (4] for b/a = 2.3, C = 133.2 pF/m to
be:

Cp = =423 pF 3.2)

Note that CT includes the effect of the rexolite spacer (er = 2) at the
driving point. At the operating frequency of 300 MHz, the terminal-zone ad-
mittance YT is:

Y, = juCp = -3.814 millimhos (3.3)

It is apparent that the terminal-zone correction affects only the suscep-

tance and that the measured conductance values are unaltered.

Fresh-Water Measurements

The fresh-water solution used for these measurements corresponds to
solution number 2 in Section 2.5, The electrical properties were measured
to be k. 82 and 0 = ,092 mhos/m at 20° C. During the course of these
measurements the temperature of the fresh water varied between 15° C and 20°
C. For the measurements taken at d/)‘O = ,01, the water temperature was ini-
tially 20° C. The water gradually cocled so that for the final measurements

at d/A0 = ,25, the temperature was recorded at 15° C. Measurement of the




electrical properties of the water at both these temperatures revealed no
noticeable change. This agrees with previous investigations [5) made over a

similar temperature range.

The measured current and charge distributions are presented in Figs.
3.2 through 3.18., The measured data are represented by dots. Tabulation of
the normalized data and the raw data is given in Appendix B. An examination

of these curves reveals the following important results:

1) For d/A0 = .01 and .02 (Figs. 3.2 through 3.7) the measured current
and charge are compared with the theoretical expression developed by King
[equations (1.6) and (1.18) with (1.7)]. The agreement is seen to be quite
good for all antenna lengths. For d/)‘0 = ,01 the measured wave number is
within 17 of the theoretically predicted wave number of (1.7); while for
d/k0 = ,02 the wave numbers are within 3% with still very acceptable results,
Departure from the theory is evident at the driving point and at the end of
the antenna. These variations are due to the junction effect at the driving
point and to the antenna end effect, neither of which can be taken into ac-
count in the zeroth-order theory of King. It is interesting to note that one
of the initial restrictions on this theory is that Bod << 1 [equation (1.5)].
The fact that at d/)\0 = .02 the agreement is still good implies that this
condition 1s not as restrictive as originally presumed. This would agree

with the subsequent restriction on the size of h/d.

2) At d/AO = .05 and .1, significant differences begin to arise in the
comparison between theory and experiment. The disagreement occurs mainly in
a, the attenuation constant, where the theoretical value for ap is found to
be significantly smaller than the measured effective value. This is observed
in Figs. 3.8 and 3.12 which compare King's theory to the experimental data.
The deeper theoretical nulls reflect the discrepancy in the attenuation.

For d/XO = .1 noticeable departure in the phase constant BL is also observed.
At these heights the measured data appear to be shifted toward the end of
the line, This is due to the end effect of the line which makes the antenna
appear to be longer than it is, The shift is not due to any error in the
wave number. A further discussion on end effects will be postponed until
Section 3.5, For d/)‘O = .05 and .1, errors in ap of 207 and 50%, respec-
tively, were considered unacceptable. Without further confirmation, it was

believed that the large discrepancies between the theoretical attenuation
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given by (1.7) and the measured attenuation could depend on one or both of
the following. The possibility that a fundamental limitation exists in the
d/A0 quantity is strong, Speculation that the d//\0 quantity is unimportant
as long as h/k0 is large may be plausible, but exactly how large h/>\O nust
be is not specifically known. It is quite possible that for the cases being
studied the transmission-line-like behavior may diverge at this height. The
second possibility is that a significant end effect is present which would
cause the effective attenuation to be higher than the theoretical value.
Since the slight shift in the measured data could be caused by the end ef-
fect, there is strong evidence in this direction. This problem is discussed
in Section 1.8 (Volume I) where it is determined that the discrepancies are
due to the end effect., In any case, to overcome this problem a semi-empiri-
cal solution was developed which utilizes the zeroth-order form for the cur-
rent and charge derived by King with the measured effective wave number ob-
tained from the experiment. The comparison between this solution and the
measurements is given in Figs. 3.9 through 3.11 and 3.13 through 3.15. The
fipures show that the zeroth-order form still holds and that by using the

measured effective wave number the corresponding results are quite good.

3) At the highest spacing, d/k0 = .25, the semi-empirical solution was
also used. The results are presented in Figs, 3.16 through 3.18., It ap-
pears that at this height the forms of the current and charge begin to de-
part somewhat from the sinusoidal. This is especially apparent near the

driving point. It would seem that at this height the influence of the med-

ium is diminishing and the form of the current and charge is approaching
? that of an isolated antenna. Alternatively, it is quite possible that the
end correction is sufficientlv large to give this appearance. In either
case, the semi-empirical solution still provides good approximate represen-

tations for the current and charge.

In Fig, 3.19 the theoretically predicted wave numbers from (1.7) for
an antenna over fresh water are compared with the measured effective wave
numbers obtained from the previous data. Note that for the BL/EO curve all
measured values are within 57 of the theoretical curve. For the GLIBL curve,
however, the agreement is good only for the two cases of d/ko = ,01 and .02.

At heights of d/ko = ,05 and greater, the error in a, exceeds 207, as is

L
easily seen from the comparison in Fig. 3.19.
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The measured effective wave numbers were obtained by using standard
transmission-line techniques. At each height the difference between charge
nulls was measured on an antenna, I.SAO in length, to determine the phase
constant SL of the line. The measurements were made at the nulls because
thev tend to be much more sharply defined than the peaks of the curve, re-
sulting in better accuracy. The charge distribution was measured rather
than the current since the charge probe has less of an averaging effect than
the current probe. The attenuation constant was determined by measuring the
- position of the peaks and nulls of the current distribution as well as the
magnitude of the current at these points and then utilizing the following
relationship:

IIlmax COSh(uLwl + os)

FEUR = B s (3.4)
I sinh(aLw2 + OS)

where Pgs the terminal attenuation function, is equal to zero for an open
circuit with no appreciable end effect and Wis W, are the distances from the

end of the antenna to the current peak and null, respectively.

2 determined experimentally, a, can be solved for by

iteration. Equation (3.4) was programmed on a Hewlett-Packard 9821A calcu-

With SI’ W and w

lator to obtain the desired results for a. For significant end effects, Py

is no longer zero and the a solved for is not the true attenuation but an

effective value which includes a contribution due to Pge When Pg is compar-
able in magnitude to aLh, the concept of an effective a, cannot be used. It
turns out that this is the situation that exists for d/A0 = .25. This spe-

cial case is discussed in detail in Section 1.8 in Volume I.

The input admittance measurements for a monopole over fresh water are
shown in Figs. 3.20 through 3.24 with the corresponding circle diagrams in
Figs. 3,25 through 3.29. At d/)\0 = ,01 and .02, the measured input admit-
tance is compared with the theoretical admittance obtained by King in (1.16).
As with the current and charge distributions, the agreement between experi-
mental and predicted results is pood considering that the zeroth-order theory
contains no corrections for end or junction effects. In the other three
cases, d/A0 = .05, .1, and .25, the measured data are compared with the

transmission-line form for the admittance given by (1.16) with the measured
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effective wave numbers. In the d/)‘(J = ,05 and d/)” = ,]1 cases, the apree-
ment is good for a zeroth-order theory except in the repion of the first
resonance, At d/)o = .25,where the validity of the transmission-line behav-
ior becomes questionable, the agreement is not very good. This suggests
that at this height the departure from the simple zeroth-order theory for
the current and admittance may be significant. Tabulation of the measured

admittance is given in Appendix B,

Salt-Water Measurements

A salt-water solution with the electrical properties described by B
81 and o = 3,9 mhos/m was used for this set of measurements. This solution
corresponds to solution number 3 in Section 2.5. The electrical properties
were initially measured at 19° C and then later rechecked at 22° C., No no-
ticeable change in the conductivity or relative dielectric constant was ob-
served. All measurements were made with the water temperature in the range

from 19° € to 22° C.

The measured current and charge distributions for the salt-water case
are presented in Figs. 3.30 through 3.46, Tables of the measured data are
given in Appendix B. A set of conclusions similar to those for fresh water
can be drawn from an examination of the data. Tor the two closest spacings,
d/AO = .01 and .02, the measurements agree quite well with King's theorv.
This is evidenced in Figs. 3.30 through 3.35. It is interesting to observe
that at these two heiphts the line attenuation is significantlyv higher for
an antenna over fresh water than it is for one over salt water. Figs. 3.36
and 3.40 compare King's theory with the experimental measurements for d/)\0 =
.05 and d/)\O = .1, respectively, For both of these cases, variations great-
er than 207 arise in the attenuation constant. A comparison of the measured
data with the semi-empirical solution using the measured value of the effec-
tive wave number kL is presented in Figs. 3.37 through 3.39 and Fips. 3.41
through 3.43. As in the fresh-water case, it is evident that the sinusoidal
form for the current and charpe still holds and that the agreement is quite
good when the measured effective wave number is used. For d/)\0 = ,25, shown
in Figs. 3.44 through 3.46, the departure from sinusoidal theory becomes
more evideﬂt with the greatest variation appearing at the driving point.

For an approximate representation of the current and charge distributions,

the semi~empirical solution may be quite acceptable.
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Figure 3.47 compares the theoretical wave numbers on the wire with the
measured values obtained from the previous data. At d/ko = ,01 and .02, the
error in uL/BI is within 107 but this variation becomes much larger for

-

greater heights as evidenced by Figs. 3.36 and 3.40.

Rectangular admittance plots are presented in Figs. 3.48 through 3.52;
the corresponding admittance circle diagrams are shown in Figs. 3.53 through
3.57. Both sets are displayed in order of increasing d/Ao. The conclusions
to be drawn from these two sets of curves are identical to those for the

fresh-water case,

Moist~-Earth Measurements

Since these measurements were made on an outdoor ground plane, the ex-
ternal conditions could not be controlled as completelv as in the two pre-
vious cases. The measurements were made over a nine-dav period in early
December., The air temperature during this period ranped from 35° F to 40° F

~ 2° - 5° C). The earth was a rich moist loamy material which was deter-
mined to consist of 207 water by weight. The electrical properties were de-~
termined to be e = 11.5 and 0 = .0022 mhos/m. Measurements made on earth
samples taken three days apart gave comparable results., To prevent the
earth’'s properties from changing lrast:ically over the period during which
measurements were taken, the area in front of the ground plane was covered
with a large plastic sheet which was covered, in turn, with a pile of leaves,
The sheet prevented rain from affecting the electrical properties of the
earth, while the leaves were used as insulation to keep the earth from freez-

ing at night,

The measured results for currents and charges are piven in Fips. 3.58
through 3,69. Since the theoretical ay values were found to be much larger
than the measured effective ay values at all heights, all measurements have
been compared with the semi~empirical solution which utilizes measured ef-

fective wave numbers. The discrepancies in a_ are mainly due to the fact

that the restriction, ‘kzl >> [kll, imposed i: King's theory is no longer
strictly true for moist earth with €. = 11.5, although end effects may also
play a factor in these discrepancies. Hence, at none of the heights was
there acceptable agreement between King's theory and the experimental re-
sults. Tor d/k0 = ,02, .05, and .1, the sinusoidal nature of the current

and charge is obvious and, given the measured wave number, the agreement is

% NV
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quite good. The d/)‘O = .25 measurements have characteristics similar to
those taken at the same height over the previous two media. The currents
and charges are not strictly sinusoidal in form with the greatest departure

observed at the driving point.

Figure 3.70 shows the comparison between the measured effective wave
numbers and those predicted by King. For the smallest heipht measured, d/AU
= ,02, the error in the predicted attenuation constant is 35%. It is inter-
esting to note that when comparing antennas at comparable heights above the
three different media, the attenuation (radiation loss) is consistently

greatest for the wire over the moist earth.

The admittance measurements appear in Figs. 3.71 through 3.78. The
agreement for d/A0 = ,02 and .05 1is seen to be quite good considering the
limitations of the zeroth-order approximation. At d/A0 = .1, the agreement
is not as good as for the two water cases, especially in the second and
third resonance. As before, the zeroth-order admittance for d/)-.0 = ,25
clearly cannot give an accurate approximation. The data for the measured

admittances as well as for the currents and charges appear in Appendix B.

3.4, Presentation of Measured Data for the Modified Beverage Wave Antenna

The measurements in Section 3.3 were repeated for an antenna terminated
in a resistor and quarter-wave section to form the modified Beverage antenna.
The data are presented in an identical manner. All the measured data, both
normalized and unnormalized, are contained in Appendix B. For the current
and charpge distributions data points were taken every 5 cm (.OSAO) to obtain
accurate representations for these quantities. When the antenna is properly
matched, the current and charge distributions are smoothly varving and meas-
urements spaced every 5 cm provide good resolution. The input admittance at
each height was measured for only four antenna lengths (zl/xo =L divoe Ay 5
and .25), With proper matching the input admittance remains practically con-
stant for increasing antenna lengths. The four admittances were measured
essentially to demonstrate the traveling-wave nature of the modified Beverage

antenna.

For all cases the best match condition was obtained basically by trial
and error. The appropriate quarter-wave section could be ascertained from

the measured wave number. Once this was determined, different resistors
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were connected along with the quarter-wave section to the end of the line
and the VSWR on the antenna was measured with the charge prol.e. The resis-
tor that gave the lowest VSWR was the one used. The amount of guess work
involved in choosing the correct resistor was minimized by knowing the theo-
retical value for the characteristic impedance, Eq. (1.8). In most cases
the resistor used was the one whose value came closest to the theoretical

prediction,

The measured data were normalized in the same manner as in Section 3.3.
All data are compared with either theoretical predictions, given by (1.54)
and (1.56) for the current and charge, or for those cases in which the meas-
ured effective and theoretical wave numbers are in error with a semi-empiri-
cal solution that uses the form for the current and charge distributions in
(1.54) and (1.56) and the measured effective wave number for kL. Although
no measurements were made on the quarter-wave section, the analytic form for

the current and charge is presented in the figures.

Fresh-Water Measurements

With the critical quantity in all these measurements being the wave
number, it is evident that the theoretical and measured effective wave num-
bers will agree over the same range of heights for the modified Beverage an-
tenna case as for the unloaded cases. Figures 3.79 through 3.84 compare the
measured results for the modified Beverage antenna at d/A0 = ,01 and .02
with the theoretical current and charge expressions given in (1.54) and
(1.56) with (1.7) for kL. In all these figures the agreement is very good .

and the traveling-wave distribution is apparent.

Figures 3.85 and 3.89 compare measured results for d/)\0 = .05 and .1
with the current and charge distributions in (1.54) and (1.56) using the
theoretical wave number. The agreement in these two sets of curves is sat-

isfactory even though the theoretical ap is much smaller than the measured

value, To improve the agreement, the same semi-empirical approach was used
as in the monopole case. Figures 3,86 through 3.88 and 3.90 through 3.92 |
compare measured current and charge distributions for d/AO = ,05 and .1 with ;
analytic expressions in (1.54) and (1.56) with the measured effective wave !
number for kL' The agreement is seen to be quite good except for variations .
at the driving point and at the resistive load which cannot be properly

taken care of by the zeroth-order expressions.
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The measurements for d/A0 = ,25 are presented in Figs. 3.93 through
3.95. The agreement with the semi-empirical solution is fairly good consid-
ering the apparent departure from the transmission-line-like distribution at
this height.

The measured input admittance for modified Beverage antennas over fresh
water is presented in Figs. 3.96 through 3.100. Figures 3.96 and 3.97 com-
pare the measured admittance with the expression in (1.55) using the theoret-
ical wave number in (1.7) for kL. The theoretical curves in Figs. 3.98,

3.99 and 3.100 consist of (1.55) with the measured effective wave number
used for kL. The agreement is good for a zeroth-order theory in all cases
except for some noticeable departure for d/A0 = .25, The chart below lists
the load resistor used for each height and compares each with half the value
of the corresponding characteristic impedance predicted by King and calcu-

lated from the measured wave number using (1.8).

d/)‘0 RL used (1/2)2c King (1/2)7,C meazzgzd kL
.01 162 @ 177 - j26 Q ——

.02 193 @ 207 - j20 @ ——

.05 270 Q 254 - j10 Q 256 - j12 Q

.1 271 Q 294 - j5 Q 298 - j8 @

«25 290 Q 348 - j2 Q 354 - jl1 @

Salt-Water Measurements

The conclusions to be drawn from the measurements made on antennas over
salt water, presented in Figs. 3.101 through 3.122, are analogous to those
for the fresh-water case. At d/k0 = ,01 and .02 the measurements agree very
well with the complete theoretical expressions. For the other three heights
the measured effective wave number is used for kL in (1.54) and (1.56) and
compared with the experimental results, Comparisons using the complete the-
oretical expressions for d/A0 = ,05 and .1 are shown in Figs. 3.107 and
3.111. A good match can be obtained at d/A0 = ,25 but the overall agreement

with the semi-empirical solution is not as good as for the closer spacings.

The admittances are given in Figs. 3.118 through 3.122., Figures 3.118
and 3.119 compare the measured admittances with (1.55) using the theoretical
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wave number. All other theoretical curves utilize the same expression but
employ the measured effective wave number for k1. Comparisons of the load

resistors used with the calculated values appear in the chart below.

E from f

d/)\0 RL used (1/2)2C King | (1/?.)7.c measured kL E

.01 180 0 172 - j12 Q ] -— ‘
.02 204 @ 206 - 48 ol

[ .05 225 Q 255 - j4 9 258 - 45 Q |

| " | 310 Q [ 295 = j2 0 300 - 36 O g

s 385 E 348 - j1 9 | 354 - §12 Q :

Moist-Earth Measurements

Due to the fact that condition (1.3b) is not strictly valid for the
case of moist earth with €. = 11.5 and g = ,0022 mhos/m, only measured ef-
fective wave numbers were used throughout for kL in (1.54) and (1.56). The
current and charge distributions, displayed graphically in Figs. 3.123
through 3,134, reveal good agreement between the measured results and the
curves based on the measured wave number. FEven for the highest spacing,
d/ko = .25, the agreement is quite good except for variations at the driving
point and at the load resistor which are basically a manifestation of junc-

tion effects.

The admittance curves appear in Figs. 3,135 through 3,138. Agreement
for the closest spacing, d/xo = ,02, is good for both conductance and sus-
ceptance curves. For the other three cases the conductance agreement
good with larger variations appearing in the susceptance. Resist

§Ons appear bhelow.
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3.5. End-Effect Correction

It was pointed out previously that the antenna end effect [6] is re-
sponsible for both the shift that appears in the experimental results when
compared with the theoretical current and charge distribution curves and the

discrepancies which occur between the theoretical and measured a The

e
shift is most noticeahble at heights of d/A0 = .05, .1, and .25, supgesting
the range of heights at which the end effect becomes important. This is
further confirmed when it is observed that it is within this range that the
measured A departs sipnificantly from the theoretical values. Since an-
tennas of the type being discussed behave like transmission lines, the end-
effect phenomenon associated with transmission lines is also prevalent for
this tvpe of antenna. In transmission-line theorv an ideal open circuit
possesses an infinite impedance in the plane of the open circuit. In prac-
tical situations, however, an open connection such as the condition that
would exist at the end of the antenna would not represent an ideal open cir-
cuit due to the fact that the capacitance per unit lenpth near the end of
the line would no longer be constant. To correct for this, a lumped capaci-
tance C_ 1s evaluated which represents the effect of the terminal zone where
both the wave number and capacitance per unit length become functions of the
distance from the end of the line. The effect of the terminal-zone capaci-
tance is to cause a large charge build-up at the end of the antenna, as can
be easilv seen from the previous curves, causing both the current and charge
distributions to deviate from their sinusoidal behavior at the end of the
line, It can be shown [4] that the effect of the terminal zone is to cause
an increase in the effective length of the transmission line that is equiva-

lent to CT/FO where €. is the capacitance per unit length for the infinitely

0
long line. his increase in effective length is the reason for the shift
observed in the measured data when compared with the theoretical curves.

The zeroth-order transmission-line theory is unable to account accurately
for this end effect and the corresponding increase in effective length. The
fact that all the energy which arrives at the end of the antenna may not be
completely reflected will cause the discrepancies seen in the attenuation.
This radiation loss off the end of the antenna introduces a resistance which
is included with the end-correction capacitance C,. in the terminal network

iy
that models the end effect.
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To correct for the shift due to the end effect, it is possible to eval-
uate the apparent increase in length caused by the open-circuited end and to
add this increase to the actual antenna length. Using this new length in ;
either the complete theoretical formulation, Fqs. (1.6), (1.18), (1.54) and
(1.56), or in the semi-empirical approach which utilizes the ahove equations
with measured wave numbers, will correct for the deviation that occurs he- |
tween the measured data and both analytic solutions. This increase in length
can be obtained experimentally from the curves in Sections 3.3 and 3.4.

Since the end effect should not be dependent on the antenna length, the h/k”
= 1 curve was used for all heiphts over all three media to determine this
increase. This was done by measuring the difference between the null of the
data and the null of the theory being compared. The following increases

were measured:

; |
d/x, | Fresh Water Salt Water | Moist Farth |

0
| .01 0 0 0
; .02 0 1.6 ecm | 0
| 05 2 cm 2 cm i 2 cm
el 2.4 cm 2 cm 1 2.4 cm
| 923 3.2 em 2.8 cm f 3.2 cm

For the lowest heights, where the attenuation is highest, no noticeable in-

crease in length was observed from the curves. As the height of the wire is

increased, there is a corresponding increase in the apparent length of the
wire ranging up to approximately 3 cm. This additional length can be in-

cluded to obtain a first-order correction for the end effect.

The complex reflection coefficient at the end of a dipole antenna
placed above a dissipative half-space is an intricate theoretical problem
which has yet to be solved. From this quantity the P and 5g values which

describe the end effect can be obtained. The p_ value is associated with

the radiation loss from the end of the antenna.

A more complete theorv for the current and charpe distributions is pre-
sented in Section 1.8 of Volume T, It includes contributions due to empiri-

callv determined end effects and uses the theoretical k! determined by King.
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3.6. Broadband Characteristics of the Modified Beverage Antenna

One of the more desirable properties of the conventional Peverage an-
tenna is its proposed frequency-independent characteristics. A careful
study, however, shows that there has never been a definitive investigation
into the frequency response of the conventional Beverage antenna. It has
been assumed that when the antenna is in the traveling-wave mode, its fre-
quency~-independent nature is evident. It was shown previously that the
characteristic impedance of the wire is dependent on the d/ln value which
depends in turn on the operating frequency. Changes in the frequency may
cause varying degprees of mismatch. The original Beverage antenna work also

left unanswered what the frequency response would be of the counterpoise

system and the vertical elements at the end of the antenna.

For the modified Beverape antenna the necessity of the quarter-wave
terminating section appears to limit seriously its anticipated broadband be-
havior. It can be shown, however, that despite the use of the quarter-wave
section a broadband response can be obtained over a wide range of parameters.
Altshuler (2] has shown that for a similar type of traveling-wave antenna in
free space, excellent frequency response can be obtained over a 2-to-1 range
with additional adequate coverage occurring over a 3-to-1 range. Consider-
ing the similarity in configuration, frequency responses at least as good
can be anticipated for the modified Beverage antenna. The presence of sig-
nificant attenuation due to interaction with the half-space will make the
Beverage antenna less susceptable at the driving point to chanpes at the end

of the antenna.

Two sets of measurements were made to determine the broadband proper-
ties of the modified Beverage antenna. The series of curves presented in
the previous sections (Figs., 3.96 - 3,100, 3.118 - 3,122, and 3.135 - 3.138)
show that the match for a particular frequency is quite good over all ranges
of the length f}. A second set of measurements was taken in which the
length 91 was kept constant while the length 22 of the quarter-wave section
was varied. The frequency was kept constant at 300 MHz. The input admit-
tance for this situation is presented as a function of the length of the
terminating section in Fip., 3.139. The input admittance remains fairly con-

stant over at least a 3-to-1 range, confirming the broadband nature of this

antenna. With the expanded ordinate scale in Fig. 3.139 it can be seen that
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the maximum variation in conductance or susceptance is approximately 1.5
millimhos.

3.7. Conclusions

The data presented in Figs. 3.2 through 3.138 lead to numerous conclu-

sions concerning the properties of both dipole antennas in the presence of a
h dissipative medium and Beverage wave antennas. The conclusions derived from

this experimental analysis are as follows:
Dense Media [k,| >> |k1|

This case applies to the measurements made over both fresh and salt
water at 300 MHz with €. X 81. The dense-medium condition, Eq. (1.3b), was
one of the restrictions originally imposed in the development of the expres-
sion for the wave number on a horizontal wire above a dissipative half-space.
For horizontal wires including Beverage antennas placed above this type of

medium, the following can be concluded:

1) For d/k0 < .02, the theoretical development of King, described in
Section 1.2 of Volume I, correctly represents the current and charge distri-
butions and provides a good zeroth-order approximation for the input admit-
tance on a center-driven dipole antenna. The extension of this theory to
loaded antennas, given in Section 1.6, which includes the special case of
the Beverage wave antenna, also gives correct results for the current,
charge and input admittance. The agreement in this range of heights is
mainly a result of the fact that the theoretical wave number given by (1.7)

agrees quite favorably with the experimentally determined wave numbers.

; 2) In the range .02 < d/kO < .1, the comparisons between the measured
effective and the theoretically predicted wave numbers begin to show the
existence of significant deviations. For these heights, variations of 207
or greater begin to occur, especially for the attenuation constant ap of the
antenna. This departure may be due to one of the following factors. Ini-
tially it was thought that the transmission~line behavior may no longer be
valid for d/)‘\0 > .02, This would probably be due to a significant amount of
radiation being neglected by the assumption that the radiation into the air
is quite small in comparison with the radiation into the half-space. The

second possibility, and the mure probable one, is that a more refined theory

is needed which accounts for the nonideal end effect of the antenna. This
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would assume that the theoretical kL is the correct one and that the dis-
crepancies observed in the wave numbers were due to the absence of an
end-correction factor. End effects are dealt with in more detail in Section
1.8 of Volume I, Despite these facts, the measurements have shown that the
expressions for the current, charge and admittance [Eqs. (1.6), (1.16),
(1.18), (1.54), (1.55), and (1.56)] still hold if the effective wave number
is used. Using these equations with the measured effective wave number sub-
stituted for kL glves good agreement with the measured data. The only no-

ticeable departure from this occurs in the admittance where agreement at the

first resonance is somewhat in error. Since the theorv consists of only a

zeroth-order expression, higher-order correction terms due to junction and
end effects would be necessary to improve the agreement. Hence, over this
range of heights the approximate solution which utilizes the zeroth-order
expressions for the current, charge and admittance along with the measured

effective wave number gives good results,

3) At d/A0 = ,25 measurements show a perceptible departure from the
zeroth-order form for all three quantities along with significant deviations
in the wave number. It 1s important to note that in the range .1 < d/)‘O
< .25, no measurements were taken and, therefore, it has not been determined
exactly where in this range the current, charge and admittance change from a
basically transmission-line form to one more characteristic of an antenna in
free space. It has been shown that at d/A0 = ,25 the transmission-line form
with the measured wave number gives adequate agreement for the current and
charge distributions, although it is evident that the measurements are not
exactly sinusoidal. It may still be possible that with a large enough end
correction one may obtain an adequate approximation at this height. Larger
discrepancies appear, however, for the input admittance which is quite sen-
sitive to the exact form of the current distribution. For the Beverage an-

tenna the comparisons at this height tend to provide much better results.

Hence, for antennas placed above dense media for which the condition
|k2] >> [kll holds, complete theoretical formulations are available for
d/k0 < .02, For heights ranging from d/x0 > .02 up to at least d/AO = .1
and probably higher, the transmission-line characteristics of the wire are
still predominant, yet use of measured effective wave numbers for k., is ne-

L
cessary. If moderate errors can be tolerated, the transmission-line form

can be used for the current and charge distributions up to d/x0 = ,25.
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Discrepancies in the admittance preclude using a simple zeroth-order theory

which does not include an end-correction term.

Moderately Dense Media |k2| > [kll

This case refers to the measurements that were made over moist earth at

300 MHz where the relative dielectric constant was measured to be i 11.4
and the conductivity was quite small. This is an interesting case since
earth 1s a more common environment for antennas of this type. These measure-
ments also give an indication as to how restrictive condition (1.3b) actually
is. The measurements show that for horizontal-wire antennas as well as

Beverage antennas placed above moist earth, the following can be concluded:

1) For the closest spacing measured, d/k0 = ,02, a large discrepancy
was observed between the theoretical wave number given by (1.7) and the meas-
ured one. A significant error was observed in the attenuation constant in

that the predicted a, value was 507 greater than the measured effective a

value. Despite thistact, the transmission-line-like behavior for the cu?—
rent, charge and input admittance is clearly evident and the comparison with
the semi-empirical solutions bears this out. Since measurements made at
this height agreed quite well with theory for the dense media case, lkz! >>
lkli, it would appear that condition (1.3b) must be strictly adhered to for

King's theory to be valid.

2) Over the range .02 < d/)\0 < .1, the zeroth-order transmission~line
form is applicable and agreement with the semi-empirical solution is quite
good. The error involved in the theoretical wave number remains quite large
at these heights. Note that the range over which the transmission-line type
behavior predominates most likely extends beyond d/)0 = ,1. Since devia-
tions from this behavior occur at the next height measured, d/Ao = 29, it
is safe to assume that the semi-empirical solution will be applicable over
part of the range .1 < d/A0 < .29. This is expecially true for the current
and charge distributions and less so for the input admittance. Formulas
which would correctly predict the wave numbers for heights up to d/A0 = ,29
have not been developed. Note that in this range part of the reason for the

discrepancies in the wave numbers may be due to end effects. But, since the

error for d/)\0 = ,02 is so large, it is more than likely that the main cause
is the violation of condition (1.3b).
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3) As for the case when [k,| >> lkll, the currents, charges and admit-
tances begin to depart from the transmission-line behavior at d/X0 = ,29 and
take on antenna~-type characteristics. Current and charge distributions can
still be reasonably approximated by semi-empirical procedures but not the
admittance which exhibits large errors when using this approximate technique.

Therefore, for antennas above moderately dense media for which lkzl >
|k1I, a completely theoretical formulation does not exist for any range of
heights. A transmission-line form, however, can clearly be used with the
measured effective wave number to represent the antenna properties accurate=~
ly for heights at least as great as d/A0 = .1 and up to d/l0 = ,29 if large

errors can be tolerated.

It ia interesting to note that, although |k2| > lkll for moist earth at
300 MHz, at much lower frequencies where ey o/we becomes increasingly
larger and the earth acts more like a conductor, the condition |k2| >> |k1|
can be obtained for moist earth. Under these conditions, one can expect
that King's theory will hold in a manner analogous to the water cases. At
these lower frequencies, water will also begin to act like a good conductor,

which further reinforces the condition that |k2| >> |k1| and results in a

set of conclusions similar to the case of 300 MHz,
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APPENDIX A
COMPUTER PROGRAM FOR EVALUATION OF THE COMPLEX WAVE NUMBER
ON A WIRE ABOVE A DISSIPATIVE HALF-SPACE

The program in this appendix evaluates equation (1.7) which gives the
complex wave number on a wire over a dissipative half-space. In the main
program the operating frequency, wire spacing, radius of the wire, dielec~
tric constant of the half-space, and conductivity of the half-space are read
in on data cards. The following function subroutines and subroutines are

used:

FUNCTION XK4 - Evaluates the complex wave number of the dis-
sipative half-space.

FUNCTION DGAMMA - Lvaluates the Gamma Function of the given

argument.

SUBROUTINE BSLSML Evaluates Bessel Functions J, and Jl of com-

0
plex arguments.

SUBROUTINE BESH - Evaluates the Hankel Function with complex

argument.
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TABLE 3.1
. COMPLEX l(.ll:lloIK):llllxlllbaJBES;VEES"‘L‘EClllLl

L- COMPLEX SLM(6

3. COMPLEX XxY8

4 CEMPLEX X23

5. COMPLEX llLH.llLﬂx,-le

'Y COMMON E

7. CXHENSl“k BEVA(EC),aLPuA(5o);ﬂAVlBl(SC);“Tlaa(BCl:ﬁ‘Vl°3(!o),
8. IRATIB4(50),RRC(5C1oXTIRC(50)1,0BVLAM(SC)

9 Ple3e14159265

10 REAC(5,1) NSET,AC

11, 1 renunam

12. 08 2C usl,n

13. REAC(5,100) r:sxapA,zﬁnA

14e 100 FERMAT(4E1446)

15. BMEGAs 2eaP[oFa(1Censb)

16 PEs (SIGMA)/((BMEGA)¢(ER)*(8+854E=12))

17, Xi1e 9MEGA/(3.E8)

18. XLA¥DA® (2,0P1)/X1

19+ 2ETA = 37647

2Q« Ce 1C lulNC

21. REAC(S,11) D

22. 11 FORMAT(E1446)

23. Za 208 (XK4(SIGFASBMEGA) D)

24 IF(CABS(Z)4GTeS+) GOTE &

25. IXs CMPLX(Qesle)®Z

26+ CaLl BSLSFL{122X2 BES)

27. ZxsCMPLX(Cesle) ol

28+ CALL BESh(ZXs12412xY8,1ER)

29« ZxsCMPLX(Qesle) el

30« XKi® «(Pl/2¢)eXY8

31. X]1e =CMPLX(0ss1e)eJPES

32. XIs =(XX1/2)

33. X21 ® Ple(x11/(2ee2))

3. 06 30 uJe 1,21

35. SUM(1)e x21

36 NeJdv=1

37. Cs (4e@N)eCGAMMA(FLGAT(A)*145) 80GAMMA (FLOAT(N) ¢245)

38 SUF(tez) » SUFINe)) «iP1/B.)e((20eli2eN)*1))/G)

39. IF(CABS((SLM(Ne2) =SLMIN®L))/SUMINGL)) oL Te 1.E«8) GOTE 31
40« 30 CONTINUE

1. 31 XU = (1e/(Zee2))+CHPLX(Cosle)aSUM(NG2)

42. AR ® D/A

43¢ ACBSH & ALBG(AR+SCRT((ARe®3)e )

e XKL® xxo(csnﬁvtx-olz./|Acos~)§o|xu¢xl)))

45 GeTy 9

Y 8 AReO/A

47 ACOSH = ALBG(ARSSGRT((ARe®2)e14))

48 XILR® (14/2)#(CSGRT(PI/(2+02)))eCEXP(o2)

49 XILR1 = (1./(2-'2))-x!LF'(l-0(3-/(l-'l))-(lSo/(l!l-l(l"j)i)Oi
S0. 1315+/(3072.0(2405)))=(10080:/(98304s0(20¢7))))

S1. XILI® (1e/Z)@(lev(le/(Z002))e(3e/(Z004) ) (480/(20ab) (18754702
52. 10e8)))

53 XKL®X1@(CSGRT(1e4(2e/(ACOSH) )@ (XILRI*(00sle)exILI)))

S4. 9 xXL1=CONJG(xKL)

55 BETA(I) = EEAL(KKLx)
56 ALPHA(]) & AIMAG(XKL

57 RATIOLI(I) » ALPNA(I)/BEYA(!)

58, RATIO2(1) s BETA(I)/x4

59. RC * l(XKinlETA)/(E.CPI'xx))OACUSh
60 RRC(1) » REAL(RC)
61. XIRC(I) = AIMAG(RC)

62 RATIB3(]) & RRC(I)/ZETA

63 RATIO&(I) = XIRC(1) /ZETA

64 COVLAM(I) ® D/XLAMDA

65 10 CENTINUE

66 WRITE(6+900) J
67 900 FERMAT(1K1,//,40X, 'PREPERTIES OF wAVE ANTEANA NEAR's/,44X,
68+ 1'CISSIPATIVE WALF SPACE's///+10Xs'SET NLMBER o ',8Xs12477)
69 WRITE(6,901) SIGMA,ER/PE

70 901 FORMAT(10X,'CONSTITLTIVE PARAMETERS Of CISSIPATIVE MECIA',/,
71. 2 25Xs'SIGMA ® ',F€e5,10Xs"ER ® 'sF744,1CXs'PE & ',F6000//)
72, WRITE(62902) F

73. 902 FARMAT(4QX,'FREQUENCY & 's F6425"MKWZ',//7)

by 74 WRITE (6+903) (COVLAP(l):BETA(l):‘LPNA(l):“l'la!tl):“"l’l(l)l

75. IRRC(1),XIRC(I),RATIOZ(1),RATIOAN(I) ,1e1,ND)

76+ 903 FORMAT(8X, 1D/LAM' 9%, 'BETA' ,8Xs 'ALPHA1,7Xs 'B1/BC' 48’ AL/goc‘;q;,
77 1'RC'#7Xs ' XC'sAXs 'RC/ZETA' 26Xs ' XC/ZETAY o//s SC(EXsFBoasB8X,FT0a0BX,
78. 2F7e806XsF5038XsF503,8XsF60203XsF60203XsF503,8XsFEe30/))
79. 20 CANTINUE
80« c THIS PART 8F THE PROGRAM EVALUATES ThgE COMPLEX

81. c hAvF NUMBER FOR A ~BROBZONTAL ANTENNA BVER A CISSIPATIVE
82 [ FALF«SPACE GIVEN TWE NECESSARY SET OF PARAFETERS, THE
83 C FORMULA FOLLOWS THE CEVELBPMENT [N KING|S FAPER. ALSS
84 ¢ EVALUATEC IS THE CHARACTERISTIC IMPECENCE FOR Thg SPECIFigd
85. (= WAVE NUMBER. THIS ASSUMES «IWT TiME CEPENCENCE

86+ STeP
87 END

1. FUNCTIBN  xX&( SIGMA, BMEGA)
CeMMBN ER
COMPLEX XK&
He SIGMA/ [ (BMEGASER) #B8486E#12)
Fle SGRT(+5@(SGRT(1s( 2))414))
GHe SGRT(+50(SGRT(1ee(Hoe2))ege))
BBe BMEGA/(3+E8)
XK4i® BReFReSQRT(ER)
XK42a BOSGHeSQRT(ER)
XKa4w CMPLX(XK&],XK&2)
RETURN
END
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TABLE 3.1 (CONTINUED)

*

FUNCT B NGAMMA(CX)
XX80X
IF(XX=574)646,4
1ERe2

CGAMMARLE?S

RETURN

XXX

ERR®1+0F =6

1ER=Q

CGAMMA® ) oC
IF(X=2¢0)5C250, 18
IF(x=2e0)11C2110015
Xax=1sC
CGAvvASDGap Aex

G8 To 1r
1F(x=1+0)6001200110
IF(X=ERR)£2:62,8C
YoFLOATUIAT(X) )eX

IF(ABS(Y)=ERR)13C,13Cs64

64 1F(1e

70 1F(x=1

J=Y=ERR)13Cs13C,70
1RC+80s11C

RO CCAM“ASTGAMMA/X

Xuxel

«C

Ge T8 7¢

110 Yaxe

CGAMM
129 RETLR
130 lERe}

RETLR

END

fala¥a¥ale

«CO

eC1

g2

“c3

“Cu

18SLSML !

«C

+Y8 (20857710174 Ya(+0e98585404v0(=CeB8764Z184v0(¢0e83282120

*56847294 Y0 (40025482054 Y6 (=Ce0514953C)))))))

ASCGAMMARGY
n

N

SUBACTINE  RSLSML(NBRD,C22,.0CBSLY)

SUURAUTINE 'PSLSML!
COMPUTES BESSEL
ARG ERCERQ ANC go ACCURACY LPTS Tk DECIFAL PLACE 8F FORg IS
BBTAINEL FAR AuS(2) LESS TRAN 20,

v FUNCTION wlTh COMPLEX ARGLFEMNTS

SLBRIUTINE DESTROYS [TS INPLT VALLES
IMPLICIT CO™PLEX®2(C)s REALOM(T)

NeNARD
TXeNEALICZZ)
Treal™AG(n22)
xerx

YaTY

Txe 50 eTx
TYe S0 ety
THeTXeTXaTyaTY
T suQeTxeTy

Ry
ETCe1040

LO(SLRY (ReReg e o(Xonsver))af egTe

TFRe 1l
TF1elel

Tl el )o(Nepel)
Juse(2elene?)

0% &yC <ey,l
TPe[le(iuex)ex
ToRe TR/ TP
TileTEsTE
TreTFR

TFRa el =T, 0TFae g eTF]

TEIee( T R TF[TG1aTL)
IF (Neghes) 39 18 &()
IF (NeGTug) GA T8 & 2
CONTINUF

CCOSLJel CMFLR(TFR,TFT)

RETUHY

TGRelepo

TGleUeC.

Naen

TCeTGR
TEGR®TSReTxaTG Ty
TGleTCaTYeTGlOTx
ANns\aeg

1F (Na
Tasledg

CY «J6 “agtst
wFDsMu

TasThonvi
TCR®TLUR/Tw

IR AN

TCetFk
TFReTFReTGRaTF [eTC]
TFleTOeTGleTF[@TCR

«0) GO T2 &3
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TABLE 3.1 (CONTINUED)

FUNCTIbN CGAMMA(CX)

XXagA

IF (xX=574)64644

1ER=2

CGAMMA®L4E?S

RETURMN

XexXK

ERR®1.QE =6

1EReC

CGAMMA®L g

IF(Xx=2e0)5¢2%0, 18

IF(x=ce0)11Cs110016

Xax=1.C

CGA~MASDGAM“ASX

Ge Ty 1

1F(Xx=140)6Cs120,110

IF(X=ERR)K2+62,8C

YoFLOATCINT(X) )eX

IF(ABS(Y)=ERR)13C,13Cr64

1F(1e0=Y=ERR)13Cs13Cs70

IF(x=140)RCs80s11C

CCAMMASCGAMMA/X

Xux+le(C

G® TY 70

YexeleC
GYageQeYR(=0e5771c17+Ya(+0eI858540ev0(=Ce87642184ve(¢0eB83282120
LY (200568472940 (+002548205+Ye(*Ce05149930)))))))
CGAMMASDGAMMASGY |

120 RETURR
130 1ERs1

RETURN |
EnD

SLEIBLTINE  BSLSML(NBRD,CZ2,0CBSLY)

C SUHSRABUTINE rtRSLSML!
C  'BSLSML! cersu?;s BESSEL o FUNCTIBN aITH COMPLEX ARGLMENTS
C ANC EROEKQ ANC 1. ACCURACY LPTS Tk DECIMAL PLACE BF MORE IS
C OBTAINEC FAR ABS(Z) LESS_THAN 2C.
(= SUBRSUTINE CESTRBYS TS INPUT VALUES

IMPLICIT CO™PLEX®2(C)s REAL®4(T)

NeNARD

TllHiAL(clz)

TYsAIMAG(RZ2)

X®TX

YaTY

TXs  e5D0eTx
TYsYe50QeTY
TReTX#TXaTYETY
TE®2e0QeTxeTY
RaN

ETC®1040
L= (SGRY(ReR*10ec® (XaxtysY))eR)I*ETC
TFRe1e00
TFIeCelC
T1s(Lel)o(NeL+1)
Jus=(2eLene2)
D8 4uC <si,L
TPe[I+(JusK) ek
TCReTR/TP
T3leTE/TP
TCeTFR
TFRe eDC=TGReTFR*TQIeTF]
4C0 TFle=(TCReTF+TGleTC)
IF (NegSeg) 59 18 401
s IF (NeGTap) GA TO 4(2
401 CONTINGE
CCBSLJSCCMFLX(TFR,TF])
RETURN
402 TGRelepe
TCIsUep.
Nney
4C3 TCeTGR |
TGReTSReTXTGIeTY |
TGI®*TCaTY&TGloTx
Ans\ae
IF (N~eGT.0) GO T8 «C3
TweleDp
CO 404 Yaelsh |
wMDel
404 TasTweuvp ]
TCRETUR/Tw
TOIeTHL/Ta
TCeTFR
TFReTFReTGReTF[TC]
TFIsTOWTGI4TF [ TCR
G T8 421
END
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TABLE 3.1 (CONTINUED)

SLBRUUTINE ‘(.Sr-(zu NaKINDaxY8, IER)

SUAREUTINE THES!
TBeSks  COMPUTES TANKEL FUNCTION WiTh COPLEX ARGLEFENTS.

300 Cxe

SUBNSUTINE CESTROYS 1TS [NPLY VALLES
IMPLICIT COMPLEX®16(C)
IMPLICIT REALeB(T)

CAMPLEX Zx

CeMPLEX XYO

CIMENSI®N CT(12)4CTT(6),CTX(6)

Cxelx
IF(NegGeUaANDeKINCegCe1) Go 1O 30O
IF(NeEGeOeANDWKINCEQe2) GO T8 400
1F(NeEge1+ANDeKINCeEGeY) G

1F (N EG-)-A\E-IINC EGCe2) GO TO &C0
CASCCHPLE(040Cs=14C0)

G 18 5C0

"!-:l-cc-ﬂu(a-ccll «0C)

G T8 500

TRX®REAL (CX)

TIXeAIMAG(CX)

TMAGS SGRT(TRXe®2eTIX%e2)
CBRe_CMPLX(0400sCeDC)
TP1e3414159265

IF(N) 10s2C020

10 1ERe1

20

RETURN
1F (TMAG=170.D0) 22,22,2)

21 lERe3

2%

RETURN

1ERey

IF (TMAG=1e0g) 36.36s25
CAs CEXP(=CX)
OPe1¢DC/CX

CCe CsGRY(CB)

15 (REA_(Cc)10Cs1C1010Y
C CCe=CC

o
01 CENTINUE

OT(1)eCB

08 2¢ L'Z.lZ

CT(L)eCT (L=t

~vrul-(c:/3-7s:c:nz

08 600 LLe2s6

CTT(LL)SCTT(LL=1)eDTT ()

CTx(1)s(Cx/2+00) 002

08 605 LLLe2s6

OTXCLLL)®CYX(LLL=3)eDTx(3)

IF(\=1) 627,270,627
7 1F (TMAG=2.0000) ‘10:610127

CAMPUTE 10 AND TREN

Cloele c"3-5l562290C0C"(llo:-o!”bt.hﬂcc'ﬂ 2)
14142067492008CTT(3)++265973200CTT (4)42C360768CCCTT(E)
24.0045813CCeCTT(6)

DGga-CcOLIG(OX/2 CclODlo--57721556000-.ZE‘NAZOOCOCYI(l)
14+23069756C0eDTX(2) ¢ a)
?0'CJJXO7SﬂCu-DVl(‘)o-t000070000-b1'x|&)

1F(N) 20,628,629

628 CaKsDGO

Ge T8 200

CBMPUTE K39 USING POLYNBFIAL APPROXIMATION

27 0GQeDAe(1+25331414DC=+15666418CCeDTI( l)o-C!llilZ7lCOu0' )
2

913909540CeCT(3)¢+134459620060T (4) 22 '9985C30CeLT (%)
3¢437524097C00T(6) 2472773006CT(7)+455753684CCeCT(8)

4=+ 82626329CT00T(Fi¢22184528100¢LT(10)=+C668C9767CCeLT(11)
5+400918938300CT(12))epC

IF(N)20s28,29

28 0PKeDGO

G® T8 2c0
CEMPUTE 11 AND THEN K

(4
270 IF(TMAGe2.000C) 629,46,

l
29
629 DljsUxet -5;00-!7!,059.00¢DYTI 1)495149886500CTT(2)

14+1508493400e0TT(3)¢4026587330040TT(4)4+003C1532CCo0TT(S)
244000324110CeCTT(6))
CG18CDLAG(CX/2+CCI18010(1¢D0/OX)®(1¢0Coe15443144CCO0Tx (1)
1=+6727857900e0TX(2)=+18156897004CTX (3)=+019194C2CCeLTX(4)
E--c1110~o~|:conh(!x-.opcouunoonvx(h)

1F (N-H 202630031

63C DBKeD

nao

g8 T8 ZCO
COMPUTE K1 USING FOBLYNOMIAL APPREXIMATIEN

9 G1e0Ae( 142533141004+ 4699927C00eLT(1)+146858300CeLT(2)

2 -x;ao.aas:ucn.‘)--n;ensuccncnno 28476181CCeCTLS)
324455430210Ce0T(6)++62833807C00CT (7)06£322954CCCT (8)
4445750238600 T(9)=+25813C38C0e0T(10)4+2788CCC12CCOLT(11)
5=+C108260177C0eCT(12))00C

1F(N=1)2C,30,31

30 C0PKsC31

GA 18 230
c
C FRAY xBsK1 COMPLTE KN LSING RECURRENCE RELATION
c
31 C® 35 Js2,N
CGUs2+0Ce (FLOAT(u)=14Cg)e0G1/DXCG0
1F( CABS(CGUI=1+C70) 33433.32
36 oEaCx/2.00

lf (REAL(CB)) 7C27107C
71 IF (AIMAG(CE)) 72,7C,73

72 TANGe=TRI/2.00

nan

G8 1o 7%
3 TANGSTP1/2400
S TAESe CABS(DB)
TAReCe577216004ALOG(TABS)
Cas C"PL!(IA“;YA G)
G 1Y 7e
70 Che -57 72156600+ CLEG(CE)
76 CCell.
l‘(-ny"ul.n

CoMPLTE KB USING SERIES EXPANSIBN

8ESK 060

BESK 066

BESK 069
BESK 070
BESK 071

BESK 076

BESK 079
BESK 080
BESK
BESK 082

BEaK MO8
BESK »CY

BESK 093
BESK 094

i
|
|
|




120.
121.
122
123.
124,
125«
126
127
128
129
130~
131.
132.
133.
134
135.
136
137.
138.
139.
14900
141
142-
143,
144
145
la6e
1470
148,
149
150.
151.
152.
153.
154.
155.
156«
157,
158.
159,
160+
161
162
163,

37

-

o

b2

[aNalal

43

Sc
s2

falala

2c0

110
115
120

130
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TABLE 3.1 (CONTINUED)

CCQe=CA
DX2JsOCMPLX(1eCUCeCC)
TFACTa1.Co

TrJe(elr

OF 4l Js1,6
TRUS1.DC/FLBAT(J)
CxausDXaJeCC
TFACTsTFACT#TRU*TRY
ThyaTHU+TR,
CCGeDUQ*CX2JeTFACT® (T eCA)
IF(N)43,42,43

DBKs[50

GA TY 2¢0

COMPUTE K1 USING SERIES EXPANSIGA

Cx2Je08

TFACTs1+Co

ThJs1.00

CC181eDJ/CX+DX2u® (eSDO+CA=THI)
C8 55 J=2,8

CxausiXx2JecC

TRJ®1+DC/FLBAT(Y)
TEACTsTFACT*TRJ*TRY
THJsTHU+* TR,
DG1®DG+CX2JeTFACT® (o5pDc+ (DA=THU)#FLBAT(J))
IF(Ne1)31,52,31

CEKsDG1

CPMPUTE HANKEL FLACTION _SING K8 AND Ki

IF(NeEWs0ANCoKINCEQe1) GO T8 110
IF(NeEQeC«ANDKINC+EGe2) GO TO 115
IF(NeEQe1«ANDeKINCEGe1) GO T8 120
IF(NeEGe1+aANDeKINC+EGe2) GO 1O 120
C8He=24D08CCMPLX(Ce0Cs1400) «CBK/ TR
G2 TE 130
CBHE2+DO#CCMPLX(C+CCs14C0)*CBK/TP]
G8 TE 130

CEH® =24D0eCEK/TPI

XYBsCBH

CANTINGE

RETURN

END

BESK 099

BESK 1C5

BESK 1C8
BESK 1¢9
BESK 110

BESK 1i5

BESK 121
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APPENDIX B
TABLES OF MEASURED CURRENTS, CHARGES AND ADMITTANCES ON UNLOADED MONOPOLES
OVER A DISSIPATIVE HALF-SPACE AND ON MODIFIED BEVERAGE ANTENNAS

it cm

This appendix contains all the measured data described in Part III.
Table 3.2 lists the measured data for the current and charge distributions

on unloaded monopoles. The following terms are defined:

(é}RMAG Raw data for current and charge magnitudes.
{é}RFAZ = Raw data for current and charge phases.

{é}NMAG = Normalized magnitudes for current and charge.

{g}NFAZ = Normalized phases for current and charge.

{é}NREAL = Normalized real part of current and charge.
{g}NINAG = Normalized imaginary part of current and charge.

The remaining tables list the following data:

Table 3.3. Measured input admittances and impedances of a monopole over

dissipative media.

Table 3.4. Measured current and charge distributions on modified Beverage

antennas.

Table 3.5. Measured input admittances and impedances of the modified

Beverage antenna,




v
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TABLE 3.2

SOSTSTOLTIIN K6 CLMKELY AND CmARGE SN PEASPRLE  AMTEARA BugR FRESK maTgK
SLFaL/EvAL o JldnS BFTAL/EETAC & 14103 m/LAMCAD o 1,500
FRELLNCY o 3C0.CCMNZ FE s uCo? o/(arca0 « LCioo
ae MEASURET CURREMT LISTRIELTION [In wAsveLY

NEEMALIZEC CaTa

Inmag INFAZ ININAG 2/Lam00
2.082 +003

*02%

+080

~
°
~
S

wwN RN NN

C
~8C9.6C
=S11.3¢
=S13.cC

140ec

c
“517.8C
8. MEASURED CWARGE CISTRIBLTISN In PICCOUL/ve[
SAr CATA NORMALIZEC CATa
- R¥AG CNMAG GAFAZ CAREAL CNIFAG Z/LAMDAD
25.00C *1.20 28,434
21 C =1C.€C 20
=21.3C
=31.80

“61240¢
~613.0C
~e1d.cC «3.022




TABLE

ALFAL/ZBETAL o +1289

Ae
QAn CATA

1R¥AG 1RFAZ

15C4CG

=192.C0

RAr DATA

f
|
|
|

CISTRIBLTION F CLRRENT ARG CwARGE BA rONOPOLE

FRELLERCY w FCCLCOMRZ

FEASLRED

-170-

3.2 (CONTINUED)

ANTEANA OvER FREE. waTER

BETAL/BETAC o 14103 n/CARCAG o 14000

PE s .ce? B/CAMCAG * 4010C

MEASURED CLRREAT CISTRIBLTION In mA/veLY
NORFALIZEC CATa

InraG INFAZ INIFAG 2/LArD0

6.60C Hu4
1Ce8¢
8

C
oc

~188.5C
~2c6.8C
~23C.0C

21
=322.0C

CHARGF CISTRIBLTION In PICCOUL/VOLT-F
NORMALIZEC CATA

CNMAG GNREAL CNIMAG 2/LANDAD

26.20¢ +006
22.00¢ 25

14.98C
15.80C
17.02¢
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TABLE 3.2 (CONTINUED)

SISTALLTINn o CLRRENT ASD CmARG, PA emamBRlE ARTEANA ByER FAESE mATER

ALFAL/CETAL @ 40911 BETAL/EETAC o 1.c82 F/LACAC o 14500 1
[0 LI BERERL FE o oce? cslarcac » L0200
“ MEASURED CURREAT CISTRIELTIAN In mAzveLT 3
Sas ata NOEMALIZEC CaTa

InNFaz InRgaL Intrag ZsLar0Q

1.782

=311
=317.8C

~4749C
=475.4C

~36CeaC

+52C

MEASURED CHARGF CISTRIBLTION I PrCCOU(/velTer
NORWALIZEC CATA
GAMAG CAFAZ GNREAL GhIrAG 2/Lam0Ag

244900
HRH

2%.00C
19.20C




=172~

TABLE 3.2 (CONTINUED)

LISTRIELTIAN &F CLRREAT ANC CwARGE ON FENBPBLE ANTEANA BVER FRESF wATER

ALFAL/ZIETAL o 0911 BETAL/BETAC » 1,082 ®/LAMCAD & 14000
FAESUENCY » 3C0.00M-2 PEL s oCe? D/LAPCAC * .0200
e MEASURED CURREAT CISTRIBLTION [N mA/vOLY
« DATA NORPALIZEC CATA
3 INFaG INFAZ INREAL INIMAG Z/LArD0
J.asc 1.973
< 14086

~168.5C
=169.CC

~288.00
e. MEASURED CWARGF CISTRIBLTIEN IN PICCOUL/VELTSF
RA= DATA NERMALIZEC CATA

IRNG

114296

CAREAL eniraG 2/LAMDAD

w2062
=371 +3+138
e 23.478
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TABLE 3.2 (CONTINUED)

LISTRIELTI®N OF CLRREAY AMD CrARGE UM MONOPOLE ANTEARA Byek FREge mATER

JUETAL « iZes BETAL/EETAC o 1,302 W/LAYCAD & 4800
FOELLENCY o 3C0.COPmZ PE o JCo7 C/LArCAD * L0100
. FEASURED CLRREAT CISTRIBLTION In mAsveLY
“as Dara LIZEC Cata
*a% INIMAG 2/Lam00
2e701

10916
799

(B FEASURED CWARGF CISTRIBLTIEN In PICCOUL/VOLT-F
Raa CATA NBRFALIZEC CATa
R AG GRFAZ Carag CAFAZ CnRgal GhIvAG Z/LARDAD

1v.288 2.8 26,420

2i.100 8400
22.76C ~188.0C

CISTRIBUTION BF CLRRENT AND CHARGE ON FONBPBLE ANTEANA BveR FREEM vaTER

ALFAL/BETAL » 10911 BETAL/BETAC » 1,082 W/LAMCAO « 500
FRESUEACY = 3C0.CCMMZ PE = .C67 0/LAMCAG * 40200
a FEASURED CLRREAT CISTRIBLTION [N MA7valy
A= DATA NORMALIZEC CATA
1R=a3 1RFaZ InraG INFAZ
Jen9s 169.5¢ 2.30C
146,50

RED CWARGF CISTRIBLISN IN PICCOVC/velTar
NORMALIZEC CATA
GNMAG CAFAZ onRgal GninaG T/LAnDAQ
23.000

*18.379
=16.332
»17.80%

e

1760 0
19.20¢ ~182.6C -1
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TABLE 3.2 (CONTINUED)

z SuTION uF MENT AND CmAGGE En PBRCPELE  ANTEARA BVER FRESk aaTER

SLEAL/UETAL o al%el BLTAL,BETAC o 1,018 m/lAPCAC o 10500
FRELUEATY » 300.CCMRZ FE o .co? o/(ArCac v L0800 ;
A MEASURLD CURREAT CISTRIBLTIAN In MA/vELT j
Sae CATA NIEFALIZEC CATA i
1RFaL Inkag INFAZ INREAL INIRAG L/LAmD0 |
15%.2¢c aC.2C ;‘
{

s5
-ag8.ac
8. MEASURED CRARGE CISTRIELTIEN IN PICCOUL/VOLToF
- oATA NORMALIZEC CATA

GRFAZ CnraG GAFAZ Al 2/LaMDAD
22.26C
16.68¢

«2¢7.7C




TABLE 3.2 (CONTINUED)

CISTAILLTION UF CLRRELT ARG CmARGY SN FBNBPBLE  ANTEANA BVER FRESH wATER

ALFAL/METAL o ol BETAL/BETAC o 1418 =/LAYCAD @ 14C00
FAELERCY o 30gacOmm2 FE » wce? o/{ArCaC * L0800
A FEASURED CURRENT CISTRIBLTION [n A yaLY
SA CATA ABEFALIZEC CATa
Ay 1RFaz InFag INFAZ INREAL INIMAG 2/Lar00

73
~273.80
8. FEASURED CrARGE CISTRIBLTION In PrcCOUL/vOlTaF
Ras CATA NORFALIZEC CATA

SRUAG CAFAG anrgal ChIMAG 2/LAMDAY
a.397 21.850C 21.800
7.a38 16412 164314
cerag
0
~11.50
-15.cC

~361.7¢
~361.5¢
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TABLE 3.2 (CONTINUED)

LISTRICLTI®N oF COSREMT AND CWARGE ON PONBPOLE ANTEAMA BVER FRESH mATER

ALTAL/UETAL o L2800 BETAL/BETAC & 1.C16 k/LAvCAC » 1,800
FaE VENCY » 3CC.COMMZ PE & uCa? C/LAPCAD * J1C00
Ay MEASURED CLRREAT CISTRIGLYIAN In mMA vBLY
SAL JATA NORFALIZEC CATA

18F a2 Inrag INFA INRgaL InIrag
172460
152.0¢C

E =337.cC =ag2ico =+020 560
8. MEASURED ChARGE CISTRIBLTION In PICCO
RAn DATA NBRMALIZEC CATa
PLLT] CArAG 1/LAmDAD
4 9.997

<C
~369.5¢
*3718¢C

13.
15.16C




M;M, SU—
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TABLE 3.2 (CONTINUED)

SUSTAINLTION F CLRRENY ANG ChARGE Oh FONOPBLE ANTENAA BVER FRESF wATER
SLEAL/ETAL o eCR8C BETAL/BETAC o 14C16 #/LAMTAO o 14000
FAELLERCY » 3C0.0CMRZ P s a7 0/{ARCAO * 41000
A MEASURED CLRRENT CISTRIBLYION In FA/vOLY

FALIZEC CATa
Inrag INFAZ InNRgaL INIMAG 2/7uArD0

1 Sc
-156,5¢C *SeC -271.%C
e, MEASURED CWARGF CISTRIBLTION In PICCOUL/VOLTor
RA= DATA NBEMALIZEC CATA

CAmAG
21+50C

eninaG 2/LANDAQ
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TABLE 3.2 (CONTINUED)

SISTRIELYION F CLRRENY ARD CrARGE Bh MOREPELE  ANTEARA Byg® FRESF aatgh
ALFAL/ZUETAL » aLoeC BETAL/ZEETAC » 1.Ci8 R/LAMEAC & 4800

FALILERCY @ 300.00MmZ PE s e O/(aMCaG = 40800

A MEASUREC CULRRENT CISTRIELTIAN A FA/vOLY
KA~ CATA NOEFALIZEC CATa
16Fa2 InraG INIMAG 2/Lam00

171.3¢ lezoc
133 “66C

C1
~92.3C =ec24
e, FEASURED CHARGF CISTRIELTION In PICCOLL/VOTor
SAs CATA NBRFALIZEC CATA
LYY GaraG CAFA2 GAREAL CNImAG 2/LAmDAD

~2.00 21.85¢ 21487 750
33

“etes
54850
64222
belas -
74595 ~181.5C 16.36¢C -1e1.8C -16:332

CISTRIBUTION OF CLRREAT AND CWARGE 8N FONBPBLE ANTENNA BygR FREEN WATER
ALFAL/BETAL « .028C BETAL/BETAC = 1.C16 w/LAMDAC = ,500
CAG ® +1C00

FREGUENCY » 3CC.COMWZ PE = oCo7 o/
A MEASURED CLRRENT CISTRIBLTISN [N mAZVOLT

NBRFALIZEC CATA
1RFAZ INFAG INFAZ INREAL INI™AG 2/Lar00

182.cC
SC

~5Ce6C

8. FEASURED CWARGE CISTRIBLTION In PrCCOULZV
[As DATA NORMALIZED CATA

AR¥AG

GNMAG CAFA2Z ONREAL CNIMAG 2/LAMDAQ

9997 21+850C *008
74387 15.80C *02%
+0%0

64352

78




TABLE 3.2 (CONTINUED)

STRIBLTION #F CLARE'T ANC Cw

GE 6N FENOPOLE ANTEANA OvER FAEES aTgR

AEALSLIAL o 1 BETAL/BETAC o 14Cl0 w/APCAC o 14800
FRECUERCY o 3C0.00MMZ PE . ce? o/(amCac » .2800
A FEASURED CLRREAT CISTRIBLYINN (A mA/vOLY

NORFALIZEC CATa

18F a2 Inrag InFaz InfgaL InNImAG 7Lamp0

170.60 14308 003
e 102 28

e
131

«30
=117.00
=132.20

~a88.5¢c
8. FEASURED CHARGE CISTRIBLTION In PICCOUL/velToF
RAn OATA WERMALIZEC CATA

- GRMAG GAMAG H OnREAL GNIMAG 2/LAMDAD

+ 0

-16147C
=167400

39.7C
«841.80
~8a2.ic
~8a4.00
«8ad.8C

.
~13.119 1093 10487

13.16C




TABLE 3.2 (CONTINUED)

TIBN SF CLRKESY ASD ChakGi SN PINRPALE  ANTEARA BVER FRESH wATER

L/ ETAL o LY BETAL,BETAC o 1aCle w/LavCAG o 1,000
“ETUERDY 8 300.0CMmZ 2. wce? c/Lartac » L2900
a MEASURED CLRREAT CISTRIBLTIAN In VLIS
S oata NBRFALIZEC CATa
Inrag INREAL Inteag
10303
793

=1C6.4C
=112.30

8. FEASUREC ChaxGF CISTRIBLTIEN In PICCOLL/VA(Tor

SAs DATA NBRMALIZEC CATA

CAmAG CAREAL GNIMAG
19480¢ . -1.70C
=1+409

«363.5¢ 12.68C 12.6%6

2/LAr00

2/LaRDAG

e
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TABLE 3.2 (CONTINUED)

CISTRIECTION UF CLRRENT AMD (AR BA FONBPELE  ANTEANA Bugh FRESH maTcR

ALEAL/ETAL = L031L BETAL/BETAC » 1.C16 w/LAvCAG «  .800
FRETUENCY ® 3CC.cimm FE w ce? 0/(AMCAC = L2800
a FEASLRED CLRRENT CISTRIELTION In wasveLy
Gas DATA NBRMALIZEC CATa

InraG INFAZ INRgal INIMAG 2/LA%00

14687 30380

*93.2¢

8. FEASURFC CwARGF CISTRIELTIBN I\ PICCOLL/v8lT-F
Sas CATA AORMALIZEC CATA
GRFAZ GNFAG GAFAZ CAREAL ChIMAG Z/LAMDAD
19.50¢ 13.80¢ +00C

[
=7.93¢C

=038
=10.412




TABLE 3.2 (CONTINUED)

©ISTRIBLTION oF CLRNENT AND ChARGE OM PANOPELE AMTEANA B4R  SALY waTgH
ALEALZETAL o LlbeC BETAL/BETAC o 1,109 w/LARCAD & 14800

FAELUENLY  3CQ.CCmRZ (e 7

C/LArCaT ® 12100
A FEASLAED CLRRENT CISTRIELTION In wAsvoLY

NERFALIZEC CaTa

Inrag InNFaz

Inimag 2/0ar00
3,680

+389 10288 =398.c0
8. FEASURED CHARGE CISTRIBLTION In ’l!(l\tl./vlg'-' 3
qas OATA NORMALIZED TATA
- UR¥AG GRFAZ GNMAG GAFAZ GnRgaL 2/LanDAg

=eag
=10.00

“uag

20+800 18-
c 23.20C 170086
*991 AeCis ~8A%.cc 25.08C 19+200




TABLE 3.2 (CONTINUED)

CISTRIELTISN UF CURREAT ARG ChaGf NN PONOPOLE ANTENRA BVER  SALT wATER

ALEALZBRRAL (s BLTAL/BETAC o 14109 W/LAYCAD o 14000
FRETUEACY » 3C0.0CHML PE 2,088 D/LAPCAC * 40100
A FEASURED CLRRIAT CISTRIBLTION In MA/vOLY
NORFALIZEC CATa

Inrag INFAZ INRgAL InIeaG 2/0av00
a2 3.573 003

2,010

10281

B. “EASUREC ChaRGE CISTRIBLTION In PlCCOLL/vOLToF

[~ DATA NOBRMALIZEC CATa

GAREAL ENIMAG Z/LAMDAG
264399 +006
22,378 28 25

Curac
26.850¢
23.38C

28.342 =7:748

26450C
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TABLE 3.2 (CONTINUED)

CISTRIELTION 6F CLRRENT AND CWARGE BN POASPOLE AMTEANA OVER SALT mATER

ALFAL/BETAL o «Co07 BETAL/EETAC o 1.Co7 M/LARCAD « 14500
FRELUEACY = 3C0.COMRZ PE s 2.48% 0/(AKCAC = 10200
Ao MEASURED CLRRENT CISTRIGLTION I mAsvOLY

NORMALIZEC CATa
INkaG INFAZ INRgAL INIFAG 2/Lam00
20617 2.672
2+894

8, FEASURED CHARGE CISTRIBLTION IN PICCOLL/VOLT.F
RAw DATA NORMALIZEC CATA
GRMAG CRFAZ CNPAG GAFAZ GNRgaAL GNIFAG 2/LamDAg
104208 23.000 2,50 22,978
13.32¢ ic 194307
74 “c 18.622
=1Ce40

+5C
~187.7¢
=19C.5C

*551.40
=581.9¢
852,00




TABLE 3.2 (CONTINUED)

LISTAIECTIEN ©F CLRRENT AND CmARGE AN PENSFELE  ARTENRA BVER  SALT wATEK

ALFALs ETAL o s08CT7 EETAL/BETAC o 1.Co7 R/LAMCAD & 1.CCO
FAELUENCY = 3CCaCCPR2 PE » 2emet C/LARCAC * w0200
A MEASURLD CLRRENT CISTRIBLTION In FA/vOLY
oCata “ORMALIZEC CATa
2 1xcan Iamas ka2 INIMAG
2.216
1e

B FEASURED CHARGE CISTRIBLTIEN In PICCOLL/VOLTF
KA. DATA NORMALIZEC CAT
<RFaZ GNFAZ CAREAL CNIFAG

=32C.6C

18.68C -3
=366.CC 2c.92¢C *36€.CC

1/ ar00

+003
028

2/LANDAG
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TABLE 3.2 (CONTINUED)

©h PHREPELE  AMTENNA BVER  SaLy savER

KAy ELTAL/BLTAC o D109 R/LARCAC o W800
L s FE o Zopet C/LACAD * W310C
. FEASLALT CLRREMT TISTRIBLTION In FAsveLY
- ata BReLL1Ziz CATa
Inrac INFAZ INREAL InImAG

[TH

ASLREC CrakGr CISTRIELTIEN In PICCOLL/VELT-F
VBRMALIZEC CATa
RN nFaL CAREAL CAIMAG 2/LamDA0

26.50C
22,645

“25.494

LF CLRRENT AMC CRARGE 6h PONGPELE ANTENNA BVER  SALT mATER

ALFAL/SETAL o 4CaQ7 BETAL/EETAC o 1.Co7 R/LAMCAC « 4500
FRETUENCY » 3C5.COMRZ FE o z.get C/LAMCAD * 40200
3 a “EASURED CUSREAT CISTRIBLTISN In MA/vOLT
A DATA AOEMALIZED CATA
1RF A2 Ineac INFAZ INREAL INIMAG 2/Lav00

17e.ec

-SE.€C
“95.ac
F CISTRIELTIEN IN PICCOLL/VELTY

RMALIZEC CATA

GAFAZ CAREAL CNIvAG 2/LaMDAD

wcc

3
214120
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TABLE 3.2 (CONTINUED)

SISTale vien oF CLRRETY AN ¢

Gk BN FONEEELE  ARTEARNA ByE®  SALT saTER

aufAL, LTAL o sCR2C CETAL,BETAC o 1.Ce8 /LAPCAC o 14800
FRELLENCY ® 3CQeLCmug £E 0 20008 C/LAMCAC * 10800
A FEASUREE CLRRENT CISTHIBLTION In MA/voLY
e Tata WBRFALIZEC CaTa
- incag 19F a2 Inrac INFaz InfgaL Inimag

~087
8. MEASURED CwARGF CISTRIBLTION [N PICCOLL/VOLT.”
Ran DATA NORMALIZEC CATA
L WRVAT CRFAZ GnraG CNFAZ Ll CNIrmAG

2/70am00

2/LamCAQ
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TABLE 3.2 (CONTINUED)

CISTATELTION LF CUMRE'Y ANC CmaBG, BN FURSPELE  ANTEAAA BuER  BALT wATER

AFALZETAL o oC220 BETAL/BETAC o 1,029 /LAFEAC o 14000

Fie LEACT @ DLgesomm2 PE e 20

S/LaRCaC » 40800
s MEASURED CLRREAT ©

TRIBLTION [n rAsvOLY
S cata AORFALIZIC CATa

InraG INFAZ InfgaL InImAG /04700

e92

~158.23 +SeC =272.2¢
8. PEASURED CwARGE CISTRIELTION In PrCCOLL/VELT-F
SAn DATA NORFALIZEC CATA

GAREAL CNIMAG 1/LANDAG
20.92C =1.83C +006
15,779 - 028

050

S.24C =366.2C 18191
15528 366440 17,212 ~1.931 R1%]




TABLE 3.2 (CONTINUED)

TIAN CF LSkt ASD CmaGy M PONSPOLE  AMTEAMA ByER  SALT aatER

B L ) BeTaL BETAC o docRd WLARTAC o 14800
[T R B PE . 2eaes C/LAYCAC ® 41800
“ SEASUAED CLNRENT LISTRIGLTION 1IN FAzyOLY
- BRraLIZEC CATS

Ine a3 InFaz Intrad 1/uar00

~a87.2¢

e. FEASURED CHARGF CISTRIELTION IN PICCOLL/VOLTSF

NORMALIZEC CATA

GAMAG ChFAZ GAREAL ChImAG Z/LamDA0
21.62¢ 21.90
16.18C 16,097
14180 18077
12.98C

18
«369.cC
~3714CC
+373.6¢C
€0

“8abuCC «16.809

B

PP —

bt ot
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TABLE 3.2 (CONTINUED)

CISTRIRLTION ©F CLRMENT ASD CmARGE BN ForAPOLE  ANTEARA BvER  SALT waTER

ALTAL/UETAL @ WCl9C BETAL/BETAC o 14020 */LAPEAD o 14000
FRETUENCY » 3C0COMNMZ R T C/LAMCAS * 41000
A MEASURED CLRRENT CISTRIBLTION In FA/yBLY
A uATa NORFALIZEC CATH

Inrag InFaz

Intwag

-108.50
-185.50
-108.5¢0 ~272.5¢C 023
e. FEASURED CMARGE CISTRIBLTION IN PICCOLL/VOLTF
RA« DATA NBRFALIZEC CATA

GaraG GAREAL CAIMAG 2/LamDAD

2¢c.30¢
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TABLE 3.2 (CONTINUED)

CISTRIGLTION oF

CLRRENT ANC CmaRGE B FONSFSLE  ANTEANA Bygl  BaLT waTgR

ALFAL/SETAL o L0220 BETAL/BETAC o 1,028 W/LAPCAD & 4500
FRESLERCY o 3CC.0Cmm2 PE o 2.08% C/Lamca0 » L0800
A FEASURED CLRRENT CISTRIBLTION [N MA/veLY
SAe DATA NORFALIZEC CATa
1875 18Faz vt Iy InREaL INIPAG
2.8, 188070 1e2ec e3.7¢ 37 1e182
12135 157.2¢ oc 322
69,72
2,228
*2.733
=3.076
8

~91.6C

8. FEASURED ChARGE CISTRIBLTIEN In PICCOLL/vELTar
Ras CATA NORMALIZEC CATA
- R7AS GRFAZ GAFAG CNFAZ CNREAL ChIFAG

CISTRIBUTION OF CLRREMT AND CWARGE Oh MOAOPELE
ALFAL/SETAL o JOl9C
FEEILERCT = FCg.00MeZ

RA~ DATA

o~ IR*AG

2400
~2.3C

ANTENNA BvgR  SALT waTER
BETAL/BETAC & 1,023
fE o Zoges
MEASURED CURRENT CISTRIBLTION In MAsveLY

W/LAMCAD o
o/Carcac « 11c00

NORMALIZEC CATa

INmaG INFAZ INfgaL InImAG

FEASURED CWARGE CISTRIBLTIEN In PICCOLL/vE(T.F
NORMALIZEC CATa
GARgaL

CamaG GaIRAG

2C.30¢

GNFAZ

9
11.58C
~180060 13.40C
“18C. 80 1%.12¢ =18C.8C

+%500

1/44700

2/LAmDAD

2/0am00

T/uamDA0




|
|

=192~

TABLE 3.2 (CONTINUED)

CISTRIULTION oF CLRRELY AND CRARGE BN PEARPELE  ANTEANA BvER  BALT saTER
AFal/ ETAL o W30 BETAL/BETAC o 1.Cle R/LARCAD o 14800

FAeacENCY @ 3C0.00Me2

C/LARCAC * L2800
A FEASURED CLERENT CISTRIBLTION In FA/vOLT
LIZEC CATa

INFaz INRgaL

=336.20
«337.¢cC
=337.5¢
=337.5¢ ~459.5C
8. MEASURED CHARGE CISTRIBLTION INn PICCOUL/VOLT.F
GA~ DATA NORMALIZEC CATA
CAMAG CAFAZ GAREAL ShIMAG

19.20¢ 19.127

=34.5¢C
9

~5a8.c0
~588,00
~8a8.4C

2/ an0Ag




TABLE 3.2 (CONTINUED)

CISTRIBLTIEN 6F CLRKEAY ANC CHARGE OM PONBPOLE ANTENNA BVER SALT wATER

ALFAL/SETAL o +0daC BETAL/BETAC » 1.C16 H/LANCAQ # 14000
FREZUENCY o 3CQ.COMRZ PE ® 24 O/CAMCAD * 42800
A MEABURED CLRREAT CISTRIBLTION [N WA veLY
Has DATA NBRMALIZEC CATA

1R¥a5 1RFaz InvaG INFAZ INImAG 1/0AND0

|;r.~: 12816
1 c

+70¢ ~276430
aac ~276.30
8. FEASURED CRARGE CISTRIBLTION I PICCOUL/VOLToF
AA~ DATA NORFALIZEC CATA
GrmAG CAFaZ SnagAL SHIMAG L/AANOAD
19.20C 19,427

~10673
02

*363.60 13002

=263.60




L
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TABLE 3.2 (CONTINUED)

LISTRIBUTION OF CLRKEhT AN CHARGE Oh FONBPELE

ALFAL/RETAL » JCaC

FRECUENCY » 3CQa0CMmZ

~ DATA

BETAL/BETAC » 1,16

PE . 24

W/LARCAC

ANTENNA BvgR  BALT matgh

* 800

C/LANCAC = 12500

MEASURED CLRREAT CISTRIBLTION In MAsveLY

NORMALIZEC CATH

Inmag

INFAZ

23,80
3c.5C

InRgaL

FEASURED CwWARGF CISTRIBLTION In PICCOLL/VELTSF
NORMALIZEC CATA

.8

1 o
~178.20
-7

C
~180.80

GAmAG

19.20¢
14.20C
12.38C
11.48C
1C.18C

c

C
1CeaeC
12.20C
13.82¢

GAFAZ
~2.5¢C

onmgaL

ININAG

GNImAG

Z/Lam00

L/LAMDAD
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TABLE 3.2 (CONTINUED)

VAL . et

9a.

LENCY » 3LGa3Cme

Ing Y AL ARGy Ak

EETAL/ERTaC
FE o

“NRBELT

. dudie

wcaz

ANTERRA BygR “BIST pAKTR

PEASUKLL CURREMT CISTRIELTION 1n

1
“r16000

NORFALIZEC CaTa

1raG

6ac

INFaZ

c
~as6.cC

m/LARCAC & 14800

C/LARCAC

wasveLY

InRgaL

2200

InIraG 1/uAr00

WEASURED CWARGE CISTRIBLTIN In PICCOUL/VELT.F

EELERE

NORMALIZEC CATA

GArAG

25.68C

GAFAZ

5,
=12+

.
~16C
-173

c
c

3
«0C
+00

320

GNREAL
25,509
19!

CNIFAG

110172

1/Lancag
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TABLE 3.2 (CONTINUED)

1STRIELTIAN 8F CLRRELT AMD CeARGE BN PANGPELE  ARTEAAA BVER ~81ST CARTH
ALFAL/FETAL o s098C BETAL/BETAC o 141C6 W/LAMEAG & 14000

FRETLENCY o ICCLIOMRZ PE o o012 C/LamCac o L0200

MEASUAED CLRRENT CISTRIBLTIBN In MA/vELY

WBRFALIZEC TaTa

1nrag InFaz INPEAL INImAG

3701

~76C

. “EASUREC CARGF LISTRIELTIEN In PICCOLL/VELT.F

Has LATA “ORMALIZEC CATA

CAREAL

16018
10.2c8

2/Lar00

+003
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TABLE 3.2 (CONTINUED)

ELTiBL oF CLARELT ANC CmARGE Bh FOROFELE  ANTEARA BVER *B[ST [ARTR

ALEAL LTAL @ w0621 BETAL/BETAC » 14001 n/LAFEAQ o 14800
FUELUENCY » 3CCCCMmZ FEoe wci2 C/LARCAC * 40800
e FEASUNED CLRREMT CISTRIGLTION [N FA/yOLY
3a~ JATA NBRMALIZEC CATa
s 1h<ag 18F a2 INFAG InFAL InIeAG 1/0av00
ac.ce
12,6

193
-39
In PICCOLL/VOLTSF

SAREAL ThI*AD 2/LANDRO
22,210

10,989
0

~245.5C
*27C.5C
~298.5¢C
=319.cC
«337.50

=36
=37C.00
«371.0C

0C
543,00
844,00
~548.5C
“8e7.cC
~salicc
cc
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TABLE 3.2 (CONTINUED)

CISTAIBLTION &F CLARELT ANG CWARGE ON FONOPELE ANTENAA OVER »OIST (ARTH

ALFAL/RETAL o slb2) BLTAL/BETAC & LaC3L m/LAREAG o 14000

FRELUENCY » IC0.00RRL FE e eci2 D/LARCAD ® JCEOC
A MEASURED CURRENT CISTRIELTION IN FA/vOLY

NORMALIZET CATA

INFaZ INfEAL InwaG

10838 10288
52
s

InraG 2400

£1.cC
~z81.0C
CHARGE CISTRIBLTISN I8 PICCOLL/VELTSN

\BRMAL ZEC CATA

GAREAL CNIMAG 2/LavCag

22,548
16

16.202




TABLE 3.2 (CONTINUED)

LiSyRic T8 OF CLRRELT AND CmABGE BN RONORELE  ANTEARA Byg® FOIBT [ARTH
ALFAL/BETAL o 00900 BETAL/BETAC » 14108 mLAMCAC & 08500
FIg.uenLY o 300.0CMRE g o w02 O/LAPCAD ¢ J0200

A MEASLALD CLGREAT CISTRIBLTION [N mA/vOLTY
NARMALIZEC CATH
Inrag INFAZ INgAL InIeag 1/Lar00

8,00

“1C245C
e. “EASUREC ChARGF CISTRIBLTIEN In PICCOLL/VELTSF
SAs DATA WORMALIZEC CATA
- RTAG GRFaz CaraG GAFAZ CAREAL ChpvaG 2/LA"CA0

25.26C 2%.2%9 220

=9.827

-12.223
=175.8¢C =13.879
~181.8C =15.495
-183.0C *17.496
- [ ~19.492
~1E8.CC -21.807

ANTENRA BVER ~BIST EARTH

TRIGLTION oF CLRRELY ANC CWARGE SN MENBPOLE

ACFAL/ETAL » e0E21 BETAL,BETAC » 14C31 w/LAYCAG = 48500
FRELUENCY @ Cg.Cimmy PE s LC3Z D/LAYCAG * #0830
Ao MEASURED CLERENT CISTRIBLTISM [N Fh/vELT

NBEMALIZEC CATA
InFaz INREAL INIaG 2/0am00

ChA%GF CISTRIBLTIEN In FICCOLL/VEL TN

ABAWALIZFC CATA
Garas GAREAL ANIFAG 2/LamDAD
20.827

2.4
15,316

«13.97¢
*15.008
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TABLE 3.2 (CONTINUED)

CISYRIOLTION F CLARENT ANC CnAGGi AR ENCFALE  ARTEANA OVER mB1SY §aKTH

AFaL,

VAL . eiagn BETAL,BETAC o 1ac21 m/LAYCAC o 14800
WEACY 8 Lg.CCmeg FE e a2 C/lavCac » .ico0
P MEASUALD CLKREAT TISTRIBLTION [ FA/ 00T
Cata \BRRALIZET CaTa

InrsG INFaz INRgaL INIFAG 170Ar00

-88.5c
-91.0C
~96.50
-97.cc
~1cC.8c
«1¢8cC
=1c9.€c
11

+56C =aSl.cC
e, “EASUREC CHARGE CISTRIBLTIEN IN PICCOLL/VOLY.F
CATA NORMALIZEC CATA
IRFAZ GAFAG CAFAZ GNRgAL CNIMAG 2/LAMDAQ
2Ce66C 20.608
15.40C 15,361
13

=17C.5C

~178.cC

-178.6¢

~18C.0C

~182,6C
.

9
*114133
124008
14.88¢ =sadece “14.860




TABLE 3.2 (CONTINUED)

CISTRIELTIAN &F CLRNENT AND CwARGE 5N PEAUFSLE  ANTEANA BvER +O1ST EARTH

ALFAL/TETAL o 10A38 BLTAL/BETAC o 14013 R/LAMTAC & 14000
FAE LUENCY @ 3CC.COMMZ PE e WC1Z D/LAYCAD * L1200
L MEASLREC LURRENT CISTRIBLTISM 1IN rA/veLY

“as DATA NORFALIZEC CATA
1nraG INFaz InBgAL In1rag 204700
1.62C 4003
1a2c
1400¢
1.22¢

~273.07
8. MEASURED CWARGF CISTRIELTIEN IN PICCOLL/VOLT-F
SAs CATA NORMALIZEC CATA

CAREAL INIFAG 2/LAvCAg

20,787

PRrT
canr 10037 “362.5¢ 180766
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TABLE 3.2 (CONTINUED)

ANEOT AN LeASGE BN RSRGRELE  ANTEARA BVER FBIST GARTH

AL, Kt o o208 BETALEETAC o duCCe =/LAEAG o 14800
NIRRT e FEe it C/LAvTAC v L2900
Loy FLASURED LoREEAY TISTAlELTION [N ma 00T
“a cata

LIZEC Cats

inkaz InRgaL Inlwas /400

MEASURED CWARGE CISTRIBLTIEN IN PICCOLL/VOLTAF
NBEMALIZED CATA
GRFAZ GNMAG GAFAZ GARgAL CNIMAG 2/LAMDAQ
18,827
13,951

cc
-36c,CC
“361.0
T e

11+10¢
12080

*114096
-sng.cc it




=203~

TABLE 3.2 (CONTINUED)

Listeii_tise oF C.RRELY AND CAARGE SN MORBEELE  ANTEARA ByER BI§T ARTH
ALFaLoETAL o $T8C BETAL/BETAC o 14CCH R/LAMEAD o 14C0C

NCY o ICoeTlMnZ PE 12 ©/LAMCAC * 2900

. MEASURED CLRRENT CISTRIBLTISN IN MAsveLY
ABEFALIZEC CATA

InmaG INFAZ INRgAL INI®AG 2/LAr00

14478

e, “EASLRED CWAHGE CISTHIBLTIEN [N FICCALL/VELT."

AL CATA NAGMALIZEC CATA

Taieas 2/Lam0ag
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TABLE 3.2 (CONTINUED)

CISTRIBLTION &F CLSRENT AND CWARGE 8A FBAOPELE ANTEANA BVER MOIST GARTH
ALFAL/ZAETAL o 4Ca38 BLTAL/BETAC o 14CH) R/LAMCAG «  +500
FRETUENCY ® 300.00MMZ FE o C1E C/LARCAC * L1C0C

MEASURED CLRRENT CISTRIBLTIAN [h FA/VOLY

A

NORFALIZEC CATA

Inrag INFaz InNRgaAL In1™aG

2/uam00

-93.8C

FEASUREC CHARGE CISTRIELTIEN In PICCOLL/VOLToF
NOEMALIZEC CATa

CAMAG CAFAZ CAREAL CNIFAG 2/LAmDAg
2C.26C 2C.2%9 177
14.9% .30
12,971 7

15.16C

LISTRIBUTION BF CLRRENT ANC CWARGF O MINOFOLE ANTENNA BVER “BIST FARTH
ALFAL/OETAL » 4C35C BETAL/EETAC » 1.CC0 W/LAMCAC = 4800
€RELUENCY @ 300.CCMZ

FC e w22 C/LACAC * 42900
A MEASURED CLRREAT CISTRIBLTISN [N FAsveLT
RAn CATA NORMALIZEC CATa
1R¥AG 1RF a2 IamaG INFAZ INRgaL INI™aG 2/Lar00
15¢.cc 1.56¢

«36.0C

CWARGE CISTRIELTIEN IN PICCOLL/VOLTSF
NBRMALIZEC CATA

GNFAG CAFAZ CAREAL CAIFAG 2/LARDAD

11e18¢C -177.3¢C




ALFAL/ZBETA o +1289  HETAL/AETAC & 14183 A/LAMOL & ucC17
PREGUENCY » 300.CCM=L PE o 67 C/LAMDAC o o01CC

TABLE 3.3

ACFITTANCE ANC IMPEDANCE ©F RENEPOLE ALMITTALCE A [SPECANCE SF MENBPOLE
A“'ék'-l 9_‘,:.; ":s-(’:n[‘s wnsu'(c" ALTENCA E.i% FRES~ AATEE (MEASLREC)
ALFAL/GETS o 11 ETAL/AETAL » 14052 A/LAMDL e oCClE

C/LAMDAC » oc20C

FREGUENCY & 30CeL ™=l BE ®
ACHITTANCE (MILLIMFOS) IFPECANCE (BmFS) ACMITTANCE (VILLIT-BS) IPPECANCE (B-¥S)
LeTALe 4 e ” x

=397.23
175031

L]
*Sa.ey
28,28
=3.C2

162+31
150+11
182027 *1C.%¢
102°89

a9

267+51
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TABLE 3.3 (CONTINUED)

ACFITTANCE AN IwPE-ANCE OF MONBPELE
ANTENNA 8/E% FRES~ ATER (MEASLREC)

ALFAL/BETA = .0a6L ETAL/ZIETAD o 14018 A/LAMDL & oCC1S

IMPECANCE
Faise aATER

L
(FEASUREC)

ACFAL/GETA o size.  TAL/AETAT ® 1e 16 AZLAMEL e aCClE
FREUENCY » 300.27%m2  PE s 4087 O/LAMDAC o +c8CC FRECOENEY /5 M TeRSE BE o 0267 C/LAFDAC & +10CC
ASHETIANCECRILELYERE)E RIAREEAREECONTD) ATMITTANCE(VILLIFRES]  IPPECANCE (8m¥S)
RETALe 5 ® R x e 5 < k

&2
130+93
17754
227474

300+28
336460
34012
249.3;

a8.63

663010
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TABLE 3.3 (CONTINUED)

AGFITTANCE Ah: IFPECANCE BF MeNOPELE
ARTER A 8,p% FREGm wATER (MEASLRED)
HETAL/GETAL & 1all8 A/LArCL & oCclS

ALFAL/BETA = 031
e C/LANEAC o sp8C

eml oE o

FREQUENCY » 3000

ace $)  I*PECANCE(OmFS)

TANCE(T TG

AgTALeR

153434
209.87
272.¢3
33ge2e
3r2acc
3a5.84

596494

ACFITTANCS Ahy [#PEDANCE EF HONOPALE
ATTENSA Evph  SALT AATER (FEASUNEC)

ALFAL/GETA & 4086 <ETAL/4ETAD ® 10109 A/LAMCL » 4CC3T7
C/LAPCAC o CICC

FREGUENCY » 3CCes md FE 20
ALVITTANCE(MILLIm-OS) IPPECANCE(OmrS)
a 0 X

ETaLe~ 5




ACEITTAN CE AN

ANTER A BiER

ALFAL/GETA ® 1CAC7  GETAL/AETAC « 14287 A/LAMDL  #CClE ALFAL/gE

FREGUENCY & 300.07~wl

TABLE 3.3 (CONTINUED)

AL
ATTE

I¥PEGANCE ©F M8nOPALE
SALT AATER (EASLRECT

FE o 20 D/LAMDAC » sc20C FREGUENTY o 302

ADMITTASCE(“ILLIPH0S)  IFPECANCE(BMYS)

SETALeR

. oo220

st T A Y e Y i 1y T



—
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TABLE 3.3 (CONTINUED)

ACEITTANCE AN IFPECANCE SF MANOPALE
ARTENLA BLEk  SALT WATER (MEASURED)

TANZe b [RBEIANCE F mMANEPSLE
TEN'A CLES  SALT AATER (“EASURED)

ALFAL/GETA = +C190  SETAL/RETAD ® 1.023  A/LAMDL « oCcl® ALFAL/ETA & 2030 JETAL/WETAZ & Lell6  A/LAMDL e 4CCIS

FREQUENTY » 300.0(MmZ pE = 2e085 C/LAMDAC » +10CC FREQUENTY » 300

FL e 2e88% C/LavCac o +280C

ACKITTANCE(MILLIMABS)  IMPECANCE(OmFS) e I PECANCE (BmFS )

58

-5
.56




TABLE 3.3 (CONTINUED)

ATRITTANCE Al [WPESANCE “F MENOBSLE

ALTEANA BiEn CUIST EARTR (FEASLREC)
ALFAL/aETS » o098 LTAL/AETAT . 1 B/LMPCL 8 oTC1Y
FREZUENCY o 3INTalibal giow ecle S/LAMEAL w acR0C

ATMITTANCE (MILLIMRES)  IMPECANCE(8-FS)

"

10073
16012

3e3ecs
192¢9¢6

x

264003
184047

IFPESANCE &F »ENBPELE
ST EARTE (FEASLRED)

ALFAL/EETS o 2Ce2l AL/FETAC = 10031 AZLBREL o oSCIE

i C/L4~DaC o oc8C

FRECUENCY » 30Tel med FE »

ANLELUILLIYABS)  IMPECANCE(BRMS)

g e " N

1
=i55.25
2

sers 1069 273433




ALEITTANCE ANS IFPEGANCE U MENOP
A Suew YS1ST EANTR (MEASLREC)

ATTEN
ALFAL/ZBETA = .Ca3n

FREGUENCY o 30g.

TABLE 3.3 (CONTINUED)

HETAL/ZHETAS ® o0
onred FE » ac1E

ACMITTANCE (- 1LLIMRES)

ALE

A/LARDL =

Criamtac o

sce1s

s16cC

IMPECANCE (Buvs)

L] x

=3s.7¢

ALFAL/BETA & +.3%

FRESLENTY » 3004

wTal/aETA

PE

5 FECANCE
31ST EARTR

1
1z

£ omengen
FEASCRED)

A/ZLARDL = LCC1E

C/LAPEAC & +25.C

T CE(VILLIMHOS)  IPPECANCE (6AFE)

R x

-351.eF
255067

-196.8a
1 7




TABLE 3.4

CISTRIELTISN F CLRKEAT AWD CoARGE A BEVERAGE
BETAL/ZEETAC » 14183

ALFAL/BETAL » L1289
colavat o L0icC

PE & 08?7

Camnl
MEASURED CLRREAT CISTRIELTIEN IN wAsy (Y

FREQLEMCY ®

NORMALIZEC TATA
INFAZ INREAL

Seis

Inwas

ohde 2435 «co
5 —67.2C

e.
NOEMALIZET CATa
NFAZ CABEAL
=2.cC 25,480
2C.558

~EASUREC CRARGE CISTRIELTIEN IN PICCOLL/VALT-"

ANTENNA ByER FRESH mATER

C1/0aPCAC = 54500

RL = 1624008mrS

INIAG

2/uavCAC

~0e3
~c2%
+050

2/iamcag
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: TABLE 3.4 (CONTINUED)

CISTAIHLTI®N 8F CURKENT ANC CuARGE 8N BEVERAGE ANTEANA BVER FRESH -ATER

ALEAL/NETAL o e2289 BETAL/BETAC » 14103 L1/LA¥CAD o 14000
FRESLENCY & 33C.0urn? PE * .ce? C/LAREAC & 0iC BL ® 162.0C8mFS
. FEASURED CURREAT CISTRIBLTIAN In wasy 00T
sata NSRFALIZEC CATA
- ism b 1RFA2 Ineal InNFAL InReal InI®aG 2/LA%CAD
18C.00 1C40C i 972
129460 eaC

119.cC

ASURED CnaRGE CISTGIELTION IN F1CCOLL/VOLT=Y
NOEMALIZEC CATA
Caras CNFAZ CAREAL ChIFAG 2/ A%TAQ

CISTRILTION BF CLARE'T ANG cmARGE BN BEVERAGE ARTEANA BVER FRESK LATER

ALFAL/GETAL = <1285 BETAL/BETAC = 14183 L170AFCAC & 500
FREGLENCY & 370.Corm2 PE * LGe? C/LAPEAC o CiC RL * 162.C00MYS
ae FEASURED CLRREAT CISTRIBLTIAN [n vAsy 8LT
Qae CATA NERFALIZES CATA
L4 12M a5 tmac INFAZ INFEAL INIAG L/LA%CAD
74554
74353
7. 58
sea
575>
60731
64762
61833
5490
5432
783
“esfy
8, MEASURED ChmaxGF CISTRIBLTIEN In RICCOLL/VALT.Y
s LaATA VBEFALIZEC CATA
GAFAZ CAREAL INIMAG Z/LA"DA0

+00¢

-2.787

1649

Cobsz

=13:108

180733
13,008

18,368
“18.2e8

“i8%aC 1easc
“19640C ie.s3c
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TABLE 3.4 (CONTINUED)

LISTRIBLTION 6F CLRREAT AND CmARGE BN BEVERAGE ANTEANA BVER FRESH maTER

ALFAL/ZSETAL o 00911 BETAL/BETAC o 14052 L1/1AFCAD » 14500
FREZLFNCY o PE & .ce? C/LAPCAC = JCay KL w 193.008mrS
A MEASUREC CLERENT CISTRIBLTION IN wAsv 80T
“A. OATA NORMALIZEC CATA

tRFaz InraG INFAZ InNKgAL INI*AG Z/uavcag
12445¢C

113.47¢

1030

83,90

63.8¢

e, MEASUREC ChAWGF CISTRIELTISN IN PICCOLL/VOLT=F
NORMALIZEC CATA
CAREAL INIFAG 2/LanCAg

23486 «Q06




FRELLENCY & 3°0.00KeZ

-2

15-

TABLE 3.4 (CONTINUED)

CISTRIELTION 8F CLRRENT AMC ChARGE BN BEVERAGE

ALFAL/BETAL o o011

LISTRIaLTIEN

tF CLRRENT AL CrAGGE AN BEVERACE

BETAL,BETAC o 1.C82

CrLArCAC

PEASUREC CLRREAT CISTRIELTION

\BEFALIZEC CATa

Inrag INFAZ

. uC20
In Ay
InREa

AATEARA ByER FRESR maTER

L1/1 APCAC » 14000
WL e 193.0C8RPS

oLr

L INIFAG 2/LA%Cag

“EASLREC CRARGF CISTRIBLTIEN IN PICCOLL/VOLT.Y

NERFALIZEC CaTa

RFAZ CAFaG GAFAZ

a6 23.18C
18.0eC
16.84C

ALFAL/FETAL ® o911 eET

PE * .Ge?

AL/BETAC » 1,082

C/LAMEAC =

GAREAL

1C.383

ChIFAG Z/LaMCAg

~14859

ANTERRA BVER FRESK LATER

LisAPCAC 4500

020

RL = 193.CCOKFS

FEASURLD CLRRENT CISTRIBLTION In ¥Asyv BLY

Iavag

LPALIZEC CATA

INFAZ

176420

INREAL

3
*3.383

INIMAG 2/LaM0a0
933

MEASURED CMARGF CISTAIELTISN In PICCOLL/VELTSY

Carad

23.8.C

NBRMALIZEC CATA

GAFAZ

=3.cC

CAREAL

23,368
174802

=13.763
~15.ce9

CAIFAG 2/LarDAg
14228

=13-318
“11493C
+9.017
13+

=011
2.276
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CISTRIBLTIAN 8F CLRRENT ANC CmARGE BN BEVERAGE

ALFAL/ZHETAL o o0

iceic

NORFALIZEC CATA

GAFAG GAFAZ

21.79¢
15.94C
14150
13.02C
12436C
12.18C
11.72¢

11.63C

BETAL/BETAC o 1.C18

TABLE 3.4 (CONTINUED)

ANTENNA BVER FRESH wATER

C1/0avcac o 1,800

FREGLENCY o PE *  .C8? C/ARCAC & 4080
A MEASUREC CURREAT CISTRIBLTISN In wasy oLy
- CATA NBEMALIZEL TATA
InraG InFAZ

¢ CISTRIELTION In PICCOLL/valT-"

GAREAL

Bl e 27C.CO8MMS

INIvAG 1/ avCa0

73

CAIFAG 2/LAMDAG
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TABLE 3.4 (CONTINUED)

CISTRIECTION 8F CLRRENT ANC ChARGE 6N BEVERATE ANTEANA BVER FRESK wATER
ALFAL/SETAL o oCo6C BETAL/BETAC o 1.C18 L1/(AFCAT & 14000
FREGLENCY »  350.00MmE PE * .0e? C/LAYCAC o L08C AL * 27C.0CEHFS
L FEASUREC CURRENT CISTRIBLTIAN In wAsy OLT
“An TATA NORMALIZEC CATA
INFaG INFAZ INREAL INI*AG 2/.a%Ca0

Lh FEASURED CmaRGF CISTRIELTION IN PICCOLL/VOLTeF
RAa CATA \ORMALIZED CATA
invan SRFAZ Garal GAFAZ GRREAL GhIMAG Z/LAmDAQ

21087 «006

028
+Q%0
*100
+15¢C
200

250

21.59¢C
15.85C

+300
*350

CISTRIBLTIAN #F CLRRENT AND CwARGE BN BEVERAGE ANTEANA BVER FRESK WATER

ALFAL/EETAL = +L06C BETAL/BETAC = 1.C18 Li/7(APCAC & oS00
FREGUENCY o 300e00MRZ PE « .ce? C/LAMCAC o 4080 BL = 27C.cOBMFS
Ao FEASUREC CLRRENT CISTRIELTION In wA/v LT
QAs DATA NEEMALIZEC CATa

- I8¢ 4 InraG INFAZ InRgAL INIFAG Z/LAMCac

34997
6

8 “EASURED CA®GE CISTRIELTION In FICCOLL/VOLTMF
Fan OATA NBEMALIZEC CaTa
- RAG LRFAL GaraG GaFaz CARgaL ENT /antag

*8.0c 21.25¢

*}1C 089

“hel

1494y
14063
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TABLE 3.4 (CONTINUED)

CISTAIELTION 8F CURRFPY ANG CmARGE OA BEVERAGE ANTEANA OVER FRESH wATER

i;

ALFAL/HETAL o +C28C BETAL/BETAC o 14C16 L1/0APDAC » 14500
FREG.E'CY & 3iUaCOMel PE . uca? C/APCAC o 4160 RL o 271.008WrS
e MEASURED CLRRENT CISTRIELTIBN In PAsy OLY

NSRMALIZEC CATA

InNFaz INRgAL INI¥AG 1/0a"0a0

-2e1.c0
=27943C
-296.5¢

=a22.7C
[ #EASLRED CHARGF CISTRIBLTIEN IN PICCOLL/VOLT-F
NA~ CATA NORMALIZEC CATA
- GRUAG SRFAZ CnraG CAFaz GNREAL CNI®AG L/LANDAC
oC3 103y 7400 2Ce70C =7.CC 2C 546
-13 14.006
12,766
9411
6.000
2

15086 =534 8¢ “10e8ic
12.52¢ =549.3C *12.3%8




TABLE 3.4 (CONTINUED)

LISTRIELTIAN oF CLRNE'T AC CeARGE BN BiviRAGE ANTENNA BvER FRESH wATER
FAL/METAL o 41287 BeTAL/EETAC » uClE L1/ 47CAT e 1.00C

3. aenorml PE s 067 CoLarCac o alcC AL v 2710

MEASUSED CLRRPAT CISTRIELTION In mAsyv 007

NORMALIZET AT

Inkag INFAL INREaL
el 3778
30588

“3efiar
~3€3.CC

YEASUPEC CmAnCF CISTRIELTIEN N PICCOLL/VELToF

8.
Sas CATA “BEMALIZEC TATa
GaraG anFaz CAREAL BN L/LAmCAC
2C.5°¢C 24143
18760 -3.295
13.0nC

LISTRIBLTION LF CLRRE'T ANC CWARGE AN BEvERAGE ANTENNA BVER FRESK LATER

ALFAL/IETAL & sC2E. BETAL/BETAC » 1.C16 L1/0arCAC o 50O
PE = .ca? C/LAPRAC »  u18C RL = 271.0C8KFS
" MEASURES CLRREAT CISTRIEBLTISN [N mAsy 8T
Sa. CATA NBEFALIZEC CATA
e as IAFaG INFAZ INFEAL IN*AG 2/LA%Cag

Baac W549

8. “EASUREC CwA<GF CISTIELTION In PICCOLL/VALTaF
FAs OATA NSEMALIZEC CATa
GaraG NFAZ CAREAL CNIMAG 2/LADAG
2C.50C ~1.830C
18860 20789
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TABLE 3.4 (CONTINUED)

TER

BUTIAN BF CURRE'T AND CmAKGE BN BEVERAGE ANTENNA BVER FRESH

L1/LAPDAC & 14500

ALFAL/FETAL o +831C BETAL/BETAC o 1.C16
FREGUEACY & 300+00rm2 PE s 087 C/LAMCAC = o280 AL = 29C.0COWFS
A MEASURLD CLBRENT CISTRIBLTION IN ¥Asy OLY

SOEMALIZEC TATA
1RF AL 1a%AG INFAZ INREAL INIFAG 1/LAMCAQ

13¢.70
118,80

of
24378
~2+3%9

~a2747¢

FEASUREL CraRGF CISTRIELTIEN In FICCOLL/VOLT-F
NOEMALIZEC CATA
GRFaZ CAMAG CnFA2 GaREAL GNI™AG T/LAPDAD

18400¢ 17.82% =24505 ~006

~85C.0C
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TABLE 3.4 (CONTINUED)

LTI8% 6F CLRNERT AND CrakGg 8A BEVERAGE ANTENRA BVER FRESK aaTER

ALFAL/RETAL o 20310 BETAL/BETAC o 1.C16 C1/0aPeaC o 14000
s 300e00Mm2 PE & 007 C/LAYCAC & 280 RL = 29C+COBHFS
a MEASURED CLRRENT CISTRIBLTIBN In wAsv OLT
SAn DATA \BEMALIZEC CATA

Inrag INFAZ INREAL I/7LamCac

MEASURED CHARGF CISTRIBLTIEN In ©ICCOLL/VBLTSF

NORMALIZEC CATA

GAFAZ CAREAL GAIMAG 2Z/LANCAD
~8.cC ~24603
~14.8C 37¢
~22.7C 4585
089
88
~104008

-9.976

=416
~1.852

CISTRIMLTIBN 8F CLRRENT ANC CARGE BN BEVERAGE ANTEAAA BVER FRESK maTER

ALFAL/SETAL ® +031C BEYAL/BETAC = 1.C16 L1/0APCAC «  o80C
FREGLERCY & 30CecoMmZ PE o uCoY C/LAMCAC = a280 L = 29C.008KKS
a MEASUREC CURREAT CISTRIBLTISN In ®Asy 8(T
Sa~ DATA NBEMALIZEC CATA
- i8¢ ag InFag INFAZ INREAL INIMAG AL TY )
Belde 3
H 252
5836
.7
33
Se126
S8
735
420
el
w52y
LEY
2. VEASURED CHA3Ge CISTRIBLTIEN IN FICCOLL/VOLT.>
Sas OATA NBRMALIZEC CaATa
v s FLLY anrag oNFaz CAREAL CAIMAG 2/LamCA0
184489 006
12 +02%8

“1C.018
“11.918
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TABLE 3.4 (CONTINUED)

ARTERNA BVER  SALT wATER

STRIBLTION ©F CLRREAT ANC CwARGE SN BEVERAGE
BETAL,BETAC o 14109
CoLarcac s acic

L1/LAPDAC o 14500
AL = 18CeCOBRFS

ALFAL/EETAL & o0

FREGUENCY & 300.00Mm2 PE o 2
A MEASUKED CLRRENT CISTRIBLTISN In mAyy OLY
AAn DATA NOEMALIZES CaTa
INvAG InFaz InBgaL /La%0ag

Se9ac 16070

5.76¢ e

-1ce2C
H

C
~587.85¢C

ChAGE CISTRIBLTIEN
WBEMALIZEC CATA
Carag nFaz L/Lam0ag
27.0uc
22.2ac
2la3ec

3
“faa.z

C
~Se3.ac




-
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TABLE 3.4 (CONTINUED)

CISTRIBLTION 8F CLRREAT ANC CmaRgg ON CRAGE  ANTEANA BygR BALT wATER

ALFAL/RETAL o <GoOC BETAL/BETAC & 14iCY Li/LAFCAC & 14000
FREGUENCY o 30000PR2 LU 1) C/LAMCAC o oCi0 AL o 18C.008NS
A FEASURED CURREAT CISTRIBLTION In #A,y OLY
Ran DATA maL1ZEC CATA
17 a5 1RFAZ INFAZ INgEaL INI¥AQ 2/LAMCA0
fii 13¢.ce !-Ig (002

5e561 =27142¢C

e. ¥EASURED CHARGE CISTRIBLTION In PICCOUL/VBLT.F
RA~ DATA NORFALIZEC CATA
CAraG CAFAZ CAREAL ChIFAG 2/LamTA0

27sgec =3.c0 26,983
22.34¢ f; 7:;

age

6:603
11+23%
9

3
£.00
~358.3C 12,431

=3¢
3eE

UISTRIBUTIBN £F CLRREAT AND ChaRGE BN BEVERAGE ANTENNA BVER  SALT mATER

ALFAL/ZIETAL = +CO8C BETAL/BETAC » 14109 L1/LAPCAS & o500
FREQUEACY = 350-00Mk2 PE e 2 C/LAPCAC = CiC RL = 180+000KrS
I FEASURED CLRREAT CISTRIBLTIEN N MAsy LT
SA~ DATA NBEMALIZEC CATA
P70 13K A3 1RFaz Invag INFAZ INRgaL INIFAG 2/LamCao
£ b 2

*13.9¢
C

CISTRIBLTION In PICCOLL/VOLT-"
MALIZEC CATa
Al

10
3

2/LarDag

16107
*17,389
LD

e .




FREGLENCY

TABLE 3.4 (CO

NTINUED)

CISTRIBLTION 6F CLARE'T AND CmARGE BN BEvERAGE ANTENNA BVER SALT ~ATER

ALFAL/RETAL » 204C7 BETAL/BETAC o 1.0e7 L1/UAPTAD o 14500
. “oomRL PE = 2.88% C/LAMCAC o 020 AL » 204.0C8mFS
A MEASURED CURRENT CISTRIBLYISA IN FAsv BLY
AAn CATA WBRMALIZEC CATa
InrAG INFAZ INREAL INIFAG 2/LAMCA0

FEASURED CmaR3F CISTRY

wvrab

23.98C

+003

=125.7¢

=5céiac
=535.2¢

~5en.6C -
~5ES.6C ~2+939 10087

BLTISN In PICCOLL/VELTY

ABEMALIZEC CATa

WAz GARgaL CAIMAG Z/LAMDAC

3.cc 23.927
18
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TABLE 3.4 (CONTINUED)

LISTRIBLTIBN 4F CURKENT AND CwARGE BA BEVERAGE ANTENNA BVER SALT wATER
ALEAL/BETAL o 20807 BETAL/BETAC o Jaca? L1/LAPCAC » 14000
FREGLENTY o 300+00M2 PE o 2.88% C/LAMCAC = .C2C AL » 19%9.008wFS
A MEASUREC CURRENY CISTRIBLTION IN »Asyv BLT
qan UATA NORMALIZEC TaTa
70 L<r aS 18F a2 Invas INFAZ INREAL INIMAG Z/LarDAg

1.e013 13Cec0

8. MEASURED CWARGE CISTRIELTION 1A PICCALL/VELT=>
qus OATA NORMALIZEC CATA
GRFAZ GNreaG GNFaz GAREAL (ST T/AMAD

=1.80 23.388 =035

~379.5¢ 15.63C

CISTRIBLTISN ©F CLRRENT ANC CRARGE ON BEVERAGE ANTENAA BVER  SALT RATER

ALFAL/ZHETAL o <C007 BETAL/BETAC » 1.Ca7 Li/LAMCAC = eSCC
FREGLENCY »  300+00mm2 PE » 2.88% C/LAPEAC = JC2C RL * 195.000WFS
Ae MEASURED CURREAT CISTRIELTISN [N FAsy OLY
BAs DATA NOEMALIZEC CATa

INFAG INFAZ INREAL INI¥AG Z7Lanca0

aeot
.

~183.0C
e, FEASURED CHARGE CISTRIELTISN IN PICCOUL/vOLTeF
SAn SATA ABRMALIZEC CATA
RVAG GRFAZ Gvas GnFaz GNIMAG 2/LANDAD

23,260
19.55¢




TABLE 3.4 (CONTINUED)

CISTRIBLTIAN BF CUMHELT AND CwmARGE 8h BEVERAGE ANTENAA BVER  SalT aaTeR

ALFALZHETAL o 0220 BETAL/BETAC o 1.C25 L1/LAMCAC & 14800
FRECLEACY o 330.Cirn2 PE = 2.88% CrLAvCAC o W0SC RL = 265.000mrS
e PEASURED CURRENT CISTRIELTISN IN FAsy BLY

NORMALIZEC CATA

IneaG InFaz INRgaL INI*AG 2/L4v0a0

[
7.515 -a13.2¢
Te222 ~429.2C 24922
e, MEASUREC CwARGE CISTRIBLTIEN In PICCOLL/VOLT.F
Fne ATA NORFALIZES CATA

GAMAG CAFAZ CAREAL GAIFAG

+30¢ =5.cC 21,219 ~1.856 006
+3:331 028
~5.166 s05¢

2C
~242.cCC
~2eCa3C

-18.812

ik




TABLE 3.4 (CONTINUED)

CISTRIBLTIAN OF CURRENT AND CnARGr OR BEViRAGE AATEARA OVER S4l? maTéR

ALFAL/SETAL o sC220 BETAL/RETAC o 1.C2% LI/LAPTAL » 14000
FREGLENCY «  32G.00FRl C/LAMIAC o (OB AL & 22%.008wrs
A MEASUKED CLRRENT CISTRIBLTIAN In MAsy OLY

NBEFALIZEC CATH

16F a2 JETN InFA2 INRpaL INIPAG Z/ua¥Ca0

ae ae2e? +003
€50 ~02%
“17.c 080

*1+398
~2+829

MEASURED ChARGE CISTRIBLTION In PICCOLL/VALT.Y
NORMALIZEC CATA

SAraG anFaz GRREAL N 2/LamCAG

el3oc =3.cC
15.76¢

12.a62
12.8aC
1 c
12.1eC
12,780
15.30¢

O CeasGr %% SEGERACE  ATTEAAA BuER  SALT «ATER

BETAL/BETAL o 1.028 Li/LarCAC & o500

QL . 22%.008WrS

Te diceiaeel PE s &gt

. EASLEED L

seEmaL Ly

IaBgaL INIvaG 2/LA"a0

e, CEASLNES Coasir LISTE]
LIS

BN /LACag

“98.cC
e11d03c




TABLE 3.4 (CONTINUED)

CISTRIBUTION BF CLRRENT AND CWARGE ON BEVERAGE ANTENNA OVER SALT mATER

ALFAL/ZBETAL o +019C BETAL/BETAC o 1,023 L1/LAFDAC o 14500

FREGLENCY & 30CeCOMRZ PE = 2.88% C/LArCAC & L300
A MEASURED CLRREAT CISTRIBLTION In MAZv OL¢
RAn CATA NORFALIZEC CATa
1RFAZ InFaG INFAZ INREAL INIVAG
131,30 670

¢
-c82.7¢

506,30

e, MEASURED CRARGE CISTRIBLTIEN In PICCOLL/VELT.F
NBRFALIZEC CATA
GAFAG GAFAZ GAREAL GNIMAG

=S.cC

*11.332
=18.017

-549.7¢

1%.22¢

RL & 3iC.CC8NFS

2/LarCa0

Z/LAMDAQ
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TABLE 3.4 (CONTINUED)

LISTRIBLTIAN #F CLRRENY AND CWARGE BN BEVERAGE ANTEANA BVER SALT wATER

ALFAL/ZSETAL o JCl9C BETAL/BETAC « 1.C23 L1/LAFCAC o 14000
FREGLENCY o 3iCe0omr2 PE » 2.80% C/LAPEAC »  WlcO AL e 31C.COBMFS
Ae MEASURED CURRENT CISTRIBLTIBN [N FAzy OLT
NBRMALIZEC CATa
2 INFAG INFAZ INREAL INIFAG 2/LA"CAQ
3.s2¢ +7%0
—in38
-.680
14700
~2.521
~2.987

~Eensc

VEASURED CeARGE CISTRIELTIEN In PICCOLL/VOLTSF
ASRMALIZEC CATA
GRFAZ GAMAG NFaz CAREAL CAI*AG L/uavCag

2c.c3C

19.924 ~1:743
14.73¢C 14

A1c =2+9%¢6
3

~368.5¢

CISTRIBUTIBN OF CLRRENT ANC CrARGE ON BEVERAGE ANTEANA BVER SALT wATER

ALFAL/ZGETAL = +C19C BETAL/BETAC » 1.c23 L1/LAFCAC =  450C
FREGLENCY & 33Ce00MMZ PE = 2.865 C/LAMCAC = WlcC RL = 31Ce000KrS
AN MEASUREC CLRRENT CISTRIBLTISN IN rAsy OLY

NOGMALIZED CATA

1RFAZ InraG INFAZ INREAL INIMAG /LT

131,72
118,3C

3ea70
L1

~1#3.CC

e, FEASURED CHARGE CISTEIELTISN [N PICCOLL/VOLT.®
NBEMALIZEC CATA

GAMAG GNFAZ GAREAL CNIMAG 2,La%Cag

-850
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TABLE 3.4 (CONTINUED)

CISTRIBLTION OF CLRRELY AND CmARGe ®h BcviRa0E  ANTERRA OEE  SALT eaTER

ALFAL OETAL o aCHaC . fucte Llsiarcac o 1480C
C/LAPCAC o o280 B e 208008
e MEASUAED CLRAENT CISTRIELTIAN [n A/ LY

NBRMALIZEC CATa

Inrag InFaz InNEgaL INI*AG I/uavCac

*0cd
*c2s
*cso

ELH

=2+000

8. *EASURED CmA<GE CISTRIBLTION In PICCOLL/VALT.®
NORVALIZEC CATA
PLLYY CaraG GRFAZ CAREAL Z/Lavcag

17.607
12.77¢




TABLE 3.4 (CONTINUED)

cisy

LTION OF CURRENT ANC CWARGE BN BEVERAGE ANTEANA BVER  SALT wATER

ALFAL/BETAL o o036 BETAL/BETAC » 1.C16 LisLare

LEELLYS PE » 2.888 C/LAMCAC » o280

a MEASURED CURREAT CISTRIBLTION In MAsy OLY
NBRMALIZEC CATA

INFaG INFAZ INRgAL INI™AG

«780

g
c
9146
2c
~201.4¢ ac
-221.7¢ -30€47C
~20Ca7¢ ~368.7¢ 2ect10

FEASURED CHARGE CISTRIELTION In PICCOLL/VELT-®

NORFALIZEC CATa

SRFAZ GAMAG GAFAZ GAREAL [
*1Ce0C 17.80¢ =1CecC 17,23 =3.039
12.78¢ »1%.10 -3

w222
-2.577

CISTRlELTION ENY ANC CWARGE AP BEVERAGE ANTENNA BYER SALT wATER

ALFAL/OETAL @ BETAL/BETAC » 1.C16 L1/LAFCAC & 480C

FREGUESCY o PE « 2,888 C/LAMCAC o o280
. MEASURED CLRREAT CISTRIBLTION IN RAsy OLT
Qan CATA NORMALIZEC CATA
¢ Zied 14 a8 18Faz INFaG INFAZ INgAL INI®AG
138.0c
122432

14993

FEASURED CHAHGE CISTRIBLTIEN In PICCOLL/VOLTS*
NOBMALIZEC CATa
GRFaZ CNraG GNFAZ ChRgaL GhImaG

17.85¢ 17.33¢ ~2:438

12,597

“109.c2

* 1.00C

AL = 388.008mrS

Z/eamCac

Z/LAmDAC
+006

KL » 385.008mrS

2/La%Cag

1/ ambag
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TABLE 3.4 (CONTINUED)

LTI8% GF CURREAT AND CmARGE BN BEvpSaGE  ANTEANA BygR B1ST fARTH

Lisy
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TABLE 3.4 (CONTINUED)
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TABLE 3.4 (CONTINUED)
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.




FREGLENCY

FAEECY

Al

i

1

A

=-235-

TABLE 3.4 (CONTINUED)

FAL/SETAL o
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HAs UATA
RAG

o8
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CAREAL SNIFAG 2/Lar0A0

214800
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TABLE 3.4 (CONTINUED)

CISTRIBLYION BF CLRRENT ANG CmARGE ON BEVERAGE ARTERNA SVER *BIST LARTH
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TABLE 3.4 (CONTINUED) ‘

CISTRIBUTION 8F CLRRENT AND CmARGE BN BEVERAGE ANTENNA BVER »B[ST FARTHN
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TABLE 3.5 (CONTINUED)
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TABLE 3.5 (CONTINUED)
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